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Null  Filter  Mobile  Radar  (NFMRAD): 

Concept  Verification 


I.  IM'ROIU  ction 

Pulse -Doppler  radars  may  be  used  in  a  side-looking  airborne  configuration 
lor  the  detection  of  slow -moving  stand-off  targets  embedded  in  clutter  (that  is, 
foliage).  Such  a  radar  experiences  interference  from  this  background  clutter. 
Clutter  signals  received  through  the  mainbeam  may  be  distinguished  from  a  target 
of  interest  by  appropriate  Doppler  filtering.  This  is  possible,  since  the  main- 
beam  clutter  returns  possess  near-zero  Doppler  and  i  an  be  effe<  lively  separated 
from  a  moving  target  signal  possessing  a  Doppler  frequency  shift.  However, 
clutter  received  through  receive  antenna  sidelobes  possesses  motion  relative  t  ■ 
the  moving  radar  platform.  This  sidelobe  clutter  can  easily  possess  a  Doppler 
equal  to  that  of  a  moving  target  in  the  receive  antenna  mainbeam.  Doppler  filter¬ 
ing  of  this  sidelobe  clutter  signal  will  not  separate  it.  from  the  target  Doppler  sig¬ 
nal  received  through  the  mainbeam.  Hence,  with  sufficient  power,  the  sidelob" 
clutter  signal  can  obscure  the  mainbeam  target;  thus,  moving  target  detection  is 
rendered  difficult  or  impossible.  The  detection  of  a  moving  target  will  be  made 
where  no  such  target  exists  in  the  mainbeam. 

This  phenomenon  results  from  the  mechanism  which  generates  a  Doppler  fre¬ 
quency  and  may  be  referenced  to  the  forward  motion  of  the  radar  platform  bv  tin- 
following  relation: 

(Received  for  publication  3  (  ictober  lhfiO) 
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where  A  is  the  wavelength  of  the  radar  frequency;  V  is  the  forward  velocity  of 
the  airborne  radar  platform;  »  is  measured  from  the  line  of  forward  motion  of 
the  radar  platform,  and  f^  is  the  resultant  Doppler  frequency.  Targets  w  ith 
motion  parallel  to  the  radar  platform  and  with  position  in  the  receiver  mainbeam 
would  be  at  a  i<  angle  of  !i()°  and  produce  a  zero  Doppler  frequency  in  their  radar 
returns. 

Targets  illuminated  by  the  mainbeam  and  producing  nonzero  Doppler  fre¬ 
quencies  are  follow  ing  courses  nonparallel  to  that  of  the  radar  platform;  hence 
they  possess  radial  velocities  with  respect  to  the  radar  platform.  A  problem 
arises  when  ground  clutter  possesses  a  radial  velocity  with  respect  to  the  moving 
radar  platform.  1'his  is  true  of  ground  clutter  received  through  the  receive 
antenna  sidelobes. 

To  illustrate  this  matter,  assume  that  the  radar  platform  possesses  a  for¬ 
ward  velocity  .  f  180  miles  per  hour  (mph)  (80  meters  per  second  (m  s)).  A  sig¬ 
nal  is  being  r.  reived  in  an  antenna  sidelobe  from  a  large  patch  of  ground  clutter 
at  a  bearing  of  roughly  Oa"  from  the  radar  platform  course  heading.  The  return 
signal  power  would  be  large  and  detectable  above  the  radar  systems  minimum 
discernible  signal  level.  In  addition,  the  sidelobe  signal  Doppler  would  be 
14  rn  s  A,  1  or  a  radar  wavelength  of  1.8  ft  (0.  ii  m  or  '>00  MHz),  the  Doppler 
frequency  of  the  return  would  be  23.8  Hz,  indicating  a  target  moving  away  from 
the  radar  platform  w  ith  a  radial  speed  of  31.3  mph  (14  m  s). 

The  returned  signal  Doppler  frequency  may  also  be  referenced  to  radial 
velocity  from  the  moving  radar  platform  with  the  following  relation: 


where  V  is  the  apparent  target  radial  velocity  from  the  moving  radar  platform. 
A  moving  target  in  the  mainbeam  may  possess  the  same  radial  velocity  as  side¬ 
lobe  clutter: 

V  V  cos  80°  . 
r  o 

Such  a  target,  embedded  in  foliage,  could  be  traveling  away  from  the  radar  plat¬ 
form  at  31.  3  mph  (14  m  s).  The  course  of  the  mainbeam  target  would  be  tin" 
from  that  of  the  radar  platform,  w  ith  a  velocity  of  approximately  32  mph 
(14.2  t; i  s)  on  its  own  course. 


f 
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Examining  the  two  cases  illustrated  above  highlights  the  problem  from  the 
radar  reception  standpoint.  With  reception  of  clutter  alone,  an  erroneous  detec¬ 
tion  of  a  target  may  be  made.  With  the  reception  of  the  discrete  clutter  at  a 
bearing  from  the  radar  line  of  travel  of  95°,  and  the  simultaneous  presence  of 
the  moving  ta'bget  in  the  receive  antenna  mainbeam,  detection  of  the  mainbeam 
target  is  pondered  a  difficult  if  not  impossible  task.  Figure  1  illustrates  the 
situation'of  clutter  at  95°  and  the  above  target  on  a  course  80°  from  that  of  the 
radar  platform. 

hne  possible  answer  to  this  sidelobe  clutter  problem  is  the  use  of  a  narrow  - 

beam,  low -sidelobe  high-gain  antenna.  Unfortunately,  this  approach  suffers 

from  physical  unmanagabilitv.  The  radar  operating  frequencies  that  afford  good 

2 

foliage  penetration  performance  lie  well  below  900  MHz.  The  antenna  apertures 
required  to  realize  a  narrow  mainbeam  become  prohibitively  large  at  these  opti¬ 
mum  foliage  penetration  frequencies,  and  would  result  in  an  antenna  size 
physically  unmanageable  in  a  side-looking  airborne  configuration. 

One  approach  to  the  solution  of  the  Doppler  clutter  problem  is  the  use  of 
antenna  receive-pattern  nulls  placed  or  stirred  such  that  the  interfering  clutter 
is  attenuated.  This  technique  could  be  used  in  conjunction  with  mainbeam  target 
Doppler  filtering  to  reveal  the  presence  or  absence  of  a  tactical  target  in  the 
mainbeam.  It  is  for  the  investigation  of  this  antenna  null  filtering  technique  that 
the  Null  Filter  Mobile  Radar  (NFMRAD)  project  has  been  conducted. 

NFMRAD  is  a  proof-of-concept  investigation.  In  any  proof-of-concept  pro¬ 
gram,  economy  of  performance  in  the  attainment  of  new'  information  is  important. 
To  this  end  NFMRAD  has  been  designed.  Hardware  design  in  both  the  areas  of 
radio  frequency  and  digital  signal  processing  technology  has  been  directed  toward 
implementation  of  one  antenna  null  and  one  Doppler  filter  with  a  similar  design 
of  processing  software. 

Rather  than  implementing  NFMRAD  in  a  costly  airframe  design,  a  truck- 
based  moving  platform  has  been  used.  This  NFMRAD  configuration  is  similar 
to  that  of  a  side-looking  Airborne  Moving  Target  Indicator  (AMTI)  on  a  moving 
platform.  The  moving  system  may  be  field  tested  against  another  moving  target 
(truck),  greatly  simplifying  field  testing  while  addressing  the  objective  of  the 
most  economic  experimental  investigation  possible.  Additionally,  facility  exists 
in  the  design  for  comparison  of  NFMRAD  performance  to  that  of  conventional 
standoff,  side-looking  AMTI  without  the  null  filtering  capability. 

NFMRAD,  as  an  experimental  system,  has  been  implemented  in  X-band.  In 
keeping  with  constraints  of  simplicity  and  economy,  the  X'-band  implementation 


2.  Brown,  Dr.  Gary  S.,  and  Curry,  William  J.  (1979)  An  Analytical  Study  of 
Wave  Propagation  Through  Foliage,  RADC-TR-79-3r>9. 
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2.1  Tlir  Null  filter  Mobile  Radar  <  NF MR  AIM 

2.  1.  1  CoNCKPT  DKSt  HIPTloN  AND  FII.TFIi  HIQI  IKIMHNTS 

The  NFMHAI)  system  operates  from  a  moving  platform  and  uses  Doppler 
bandpass  and  bandstop  filters  together  with  null  .'ontrol  in  the  re.  eivu  'nt.  nna 
array  pattern  to  reduce  clutter  return  when  detecting  a  target  that  is  ttt  in,  to  n 
relative  to  the  ground.  For  a  radar  moving  w  ith  velocity  i  itdaltve  to  the  ground, 
there  is  a  simple  relationship  between  the  clutter  Doppler  frequency  shift  .if  j 
and  the  azimuth  angle  f>  given  by  the  formula 

2v  cos  0 

- I - 

where  A  is  the  wavelength  of  the  transmitted  frequency  and  "  is  measured  clock¬ 
wise  relative  to  the  direction  of  motion  of  the  NFMHAI)  platform,  lty  means  of 
this  relationship,  all  Doppler  filter  plots  between  the  maximum  and  minimum 
clutter  Doppler  frequency  shifts  (2i  A  and  -2c 'A)  can  be  exhibited  as  functions  of 
azimuth  angle  n,  rather  than  clutter  Doppler  frequency  shift.  Throughout  this 
report,  we  will  assume  that  the  clutter  distribution  is  uniform  in  n.  The  Doppler 
filter  patterns  in  U  thus  represent  the  clutter  distribution  as  modified  by  the  filters. 

The  NIFMKAD  system  converts  to  baseband,  using  inphase  and  quadrature 
mixing.  The  received  signal  thus  processed  will  contain  only  the  Doppler  fre¬ 
quency  shifts;  these  will  be  positive  or  negative  according  to  whether  the  objects 
producing  the  reflected  signals  are  approaching  or  receding  relative  to  the  radar. 
Discrimination  between  these  two  eases  is  possible  because  both  inphase  and 
quadrature  information  is  present.  To  quantitatively  measure  the  frequency  shifts 
and  hence  the  relative  velocities,  bandpass  filters  must  be  designed  that  can 
measure  both  positive  and  negative  frequencies  and  distinguish  between  them.  At 
the  same  time,  to  discriminate  against  signals  due  to  ground  clutter,  it  is 
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(e)  Cnm|)osilo  Doppler  Filter  Characteristic 

Figure  2.  NFMHAD  Antenna  Patterns,  Filter  Power  Transfer 
Functions,  anti  Clutter  Distributions  (font,) 


C!K'-i>tiOO,  using  modifications  of  a  l'OKTRAN  program  devised  by  Goggtns  and 
Schindler.'1  Figure  2(d)  shows  a  typical  optimum  receive  antenna  array  pattern 
for  the  present  ease.  It  is  characteristic  of  this  optimum  pattern  that  it  has  a  null 
region  in  the  angular  sector  whose  clutter  Doppler  return  lies  in  the  passhund  of 
the  Doppler  bandpass  filter. 

The  power  filter  transfer  function  for  the  composite  filter  obtained  by  cascad¬ 
ing  the  bandpass  filter  (Figure  2(h))  with  the  haudslop  filter  (Figure  2(e)),  is  shown 
in  Figure  2(e).  A  plot  of  clutter  power  vs  angle,  as  observed  after  illumination  of 
the  assumed  uniformly  dist  ributed  clutter  by  the  transmit  antenna  pattern  followed 
by  filtering  but  before  receive  antenna  processing,  is  shown  in  Figure  2(f).  1'lie 
product  of  ibis  distribution  of  clutter  power  vs  angle  with  the  MM  HAD  receive 
antenna  pattern  represents  the  dist  ribut  ion  of  clutter  power  that  is  ultimately  pres¬ 
ent  in  the  NFMHAD  system,  and  is  shown  in  Figure  2(g).  The  integral  of  the 
clutter  distribution  shown  in  I'igui-e  2(g)  is  a  measure  of  the  total  clutter  power  in 
the  NFMHAD  system. 


>.  Coggins,  U  .  H.  ,  Jr.  and  Schindler,  J.  K.  (If1"-!)  Processing  for  Maximum 
Signal  -to-(  lutler  in  AM  I'l  Radars  pp.  la-21,  Al  l  Hi  -TH-74-0>77 
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Processing 

Figure  2.  NFM  HA  D  Antenna  Patterns,  Filter  Power  Transfer- 
Functions,  and  Clutter  Distributions  (Font.) 

Figure  2(h)  shows  the  composite  antenna  pattern  (product  of  the  antenna  trans 
mit  pattern  with  the  NFMHAD  receive  pattern).  Note  that  the  composite  filter- 
transfer'  function.  Figure  2(d),  and  the  composite  antenna  pattern,  Figure  2(h), 
are  complementary  in  that  the  composite  filter  transfer  function  has  a  reject 
region  in  the  angular  range  where  the  composite  antenna  pattern  has  a  mainlobe, 
and  vice  versa. 
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(g)  Clutter  Power  vs  Azimuth  After  Filtering  and  NFMRAD 
Processing 


AZIMUTH  ANGLE  (DEGREES) 


(h)  Two  Way  N  I'M  RA  I)  Antenna  Pattern 

Figure  2.  NFMRAD  Antenna  Patterns,  Filter  Power  Ttansfi 
Func  tions,  and  Clutter  Distributions  (font.  ) 


2.2  t  \jn-riim-iilal  Kailm  System 

A  simnlifted  block  ilia^ram  of  the  experimental  \i  'AIKAD  system  s  ti'.n  u: 
t  imin'  1.  A  low -pow it  X-band  t  ransmit 1  or  is  show  n  in  noil lutirt loti  with  an  i  :gh!- 
channel  coherent  receiver.  An  right  -element  linear  receive  array  feeds  itn-  HI 
front  end  of  ttiu  eight -channel  coherent  rccoi ver.  lnphasr  and  quadrature  signals 
fur  mu'll  channel  are  generated  at  tile  output  of  tile  reeeiver.  The  receiver  nutfillt 
signals  are  eetivei  led  to  a  digital  format  and  transferred  inte  an  array  processor. 
Tile  array  processor  terms  tlie  receive  antenna  pattern  and  filters  the  radar  data, 
filtered  data  is  transferred  inte  the  best  minicomputer  where  it  is  stored  and  dis¬ 
played.  Detection  processing  takes  place  m  the  minicomputer,  and  detection  out¬ 
puts  are  also  available  for  display  on  a  C  UT.  filtered  data  is  stored  on  magnetic 
tape  f.ir  more  sophisticated  off-line  detection  processing,  to  he  performed  oil  a 

tlH  lidOO. 

The  experimental  radar  system  uses  conventional  AA1T1  processing  as  a  basis 
for  performance  comparison,  figure  4  depicts  a  block  diagram  of  the  total 
NI'AIKAI)  AMTI  experimental  radar  system.  The  experimental  system  implemented 
incorporates  two  forms  of  radar  processing,  M'MIIAD  and  AM  l'l.  The  two  radar 
processing  algorithms  use  common  data  as  input;  however,  the  MAIRAD  algorithm 
differs  from  the  AMTI  algorithm  in  that  the  antenna  patterns  synthesized  in  proc¬ 
essing  are  different.  AM  l'l  processing  forms  an  antenna  pattern  by  uniformly 
weighting  each  receive  channel,  while  NfMliAD  antenna  pattern  synthesis  weights 
each  channel  so  as  to  form  a  clutter  notch  m  the  receive  pattern.  Sidelebc  clutter 
falling  outside  the  M'AlllAD  antenna  pattern  clutter  notch  is  net  m  the  bandpass  of 
the  M'MIIAD  Doppler  filter.  Antenna  beam-forming  coefficients  arc  a  function  of 
the  Doppler  filter  bandpass  center  frequency,  therefore,  to  detect  a  wide  range  of 
target  velocities,  several  Doppler  velocity  filters  are  needed,  with  each,  filler 
requiring  a  separate  antenna  pattern  and  clutter  notch.  The  M'MIIAD  and  AM  I'l 
Doppler  velocity  filters  that  follow  the  antenna  pattern  processing  are  identical. 

The  block  diagram  of  the  NTAIKAD  system  shown  in  Figure  3  depicts  a  low  - 
powe  r  monopulse  t  ransmitter  operat  ing  at  4 10  GI I .-.  The  experimental  t  ran  sir.  i! 

pattern  shown  in  Figure  111  indicates  an  azimuth  beamw  idth  of  lii".  The  experi¬ 
mental  transmit  elevation  pattern  of  Figure  17  indicates  a  3-dll  elevation  beaniwidth 
of  12'  .  The  transmit  horn  shown  in  Figures  .'(at  and  Mb)  was  placed  in  an  anerhoic 
chamber  for  the  pattern  measurements. 

The  eight -element  receive  array  shown  in  Figures  Met  and  Md)  feeds  the  KF 
front  end  of  the  eight -channel  coherent  receiver.  A  theoretical  and  experimental 
single-element  pattern  is  shown  in  Figure  20.  The  measurements  were  made  m  an 
aneehoie  chamber,  and  the  pattern  is  indicative  of  a  waveguide  opening  into  free 


(b)  Transmit  Antenna  (  Three  Views) 


NFMRAD  AIUTI  Transmit  and  Receive  Antenna 


•>:*.  if*  ,!■.:>-•  '  1\  i' !.  ' !  •  \  I  M !  I A  I  >  ■  i  lit  '  •  ■  t  ri  ••  h  |...  -  :  .Vi..  I  !: 


.  :!  v.dai  •  .  :::.pb-:  a  M'MKAI)  .  lull*  :  t:  !  uv:  •-. 

si..  D-  fslr.-t  .  In  :.•!<!. '!•  n  •.  M  MKAD  n  •':!>. 

vn : '  -  - :  i : . : !  v  -  a  .  ■  igi:'  <  -  I  AM  II  :i  v  s-.  in  In-.- 1  d,  :.!v!  at.  :d.-!.':-  :.i  I) 

is  Li  Is.  -  ttv.pl.-::;. -r|  ill  ’ll.  1  .  1 : . :  :. :  ra\  pi-.  -c.  -ss. .  i  .  I  .1 1 .  i  uu  •  ■  .  :  u  I s  <  . : 

.  ■  - .  ■  *  ■  s  s ; :  i  l'  :t)t.  rvi.l),  'in-  \l  \l  II.-M )  and  AM  I' I  I -  i .  -  v  v.l'.-v-  :  v  ■  - 

11".  v,-lt;v.  ; ; : :  i ; .  1 1 1  u  r  i .  per  rant’-  .-ell. 

I  lit.  red  M-'MUAD  and  AM'I'I  -lata  is  trails!'.-:  :  .-  i  in1--  i .. at, -i  n 
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the  CUT.  Filtered  M'MKAI)  and  A MTI  Voltage  vngt.r  t..  a  -  av.  :  ...  ■  -do. 
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I  able  l  summarizes  system  eha  rael  erist  ics,  some  of  which  were  dis.t 
above. 

I’able  1.  N  KM  HAD  AM  II  Svstem  Characteristics  Summary 
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Limited  broadside  search  (selectable  search  range) 

Real-time  antenna  pattern  synthesis,  Doppler  filtering,  and 
detection  processing  achieved  in  radar  van 

Filtered  data  recorded  for  off-line  additional  detection  processing 
on  a  C'DC  filiOO 
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Table  1.  NFMHAD/AMTI  System  Characteristics  Summary  (Cent.) 


A  /D  Conversion 

.Number  of  Mange  Cells 
Sampling  Mate 
Interval  per  Mange  Cell 
8-bit  Conversion  Mate 

MF  Noise  Level  as  a  Function  of 


IF  Attenuation 
dll 


0 

(i 

12 

'8 

24 

30 

3(> 

42 

Switching  noise  on  the  A  fD  boards 
of  IF  attenuation.  A  combination  o 
following: 


lti 

4  MHz  (2 (it!  ns  per  range  cell) 

131  ft  (40  m) 

10  MHz 

eceiver  Sensitivity 

Number  or  Mantissa  Bits 
Consumed  by  MF  Noise 
Average  Worst 
Value  Case 

4  5 

3  4 

2  3 

1  2 

0  1 

0  0 

0  0 

0  0 

consumes  one  mantissa  bit,  independent 
r  MF  and  switching  noise  yields  the 


Number  of  Mantissa  Bits 

IF  Attenuation  Consumed  by  RF  and  Switching  Noise 
dB  Average  Worst 

Value  Case 


0 

fi 

12 

18 

24 

30 

3(> 

42 


4 

3 

•> 

1 

1 

1 

1 

1 


5 

4 

3 

2 

1 

1 

1 

1 


Array  Processor 

(i  asyncronous  microprocessors 
3 2 -bit  word 
3  memory  buses 

Performs  real-time  beam  formation  and  Doppler  filtering  for 
NFMRAD  and  AMTI  processing 

1  Doppler  filter  implemented 

3  dB  Doppler  filter  passband  -238.  fi  Hz  to  -401.  5  Ilz 

(diverging  case) 

Angular  sector  of  clutter  in  105.  1°  to  118°  (diverging  case) 

Doppler  fi’ter  passb?  '.’ 


Util 
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Table  1.  NFMRAD/AMTI  System  Characteristics  Summary  (font.  > 


Minicomputer 

Memory 

32  K  interleaved  core 

4  K  bipolar 

Cycle  Time 

100  ns 

Word  Length 

16  bits 

Performs  real-time  detection 
display  functions 

processing,  data  storage  and 

Recorded  Data  Display 
(Table  12) 

Filtered  NFMRAD  and  AMT1 
data  recorded  voltage  ampli¬ 
tude  or  detection  output  as  a 
function  of  range  cell 

2.3  Theoretical  Investigations  Relative  to  the  NFMRAD  Experiment 

2.3.1  THE  NFMRAD  EXPERIMENT 

The  following  parameters  and  specifications  are  pertinent  to  the  NFMRAD 
truck  experiment: 

Radar  Van  and  Target  Parameters 

Truck  velocity  =  32.  7  mph  (14.  6  m /s) 

Target  velocity  =  34.4  mph  (15.4  m/s) 

Target  velocity  relative  to  truck  =  11.2  mph  diverging  (5.02  m/s) 

Target  bearing  relative  to  truck  =  90°  (constantly  broadside) 

Target  Doppler  Frequency  =  -315  Hz  (diverging  case) 

Angle  between  truck  track  and  target  track  =  19° 

Angle  at  which  clutter  return  has  target  Doppler  frequency  =  110.  12° 
(diverging  case) 

The  layout  of  the  tracks  for  the  radar  van  and  the  target  is  shown  in  Figure  6. 
This  is  a  constant-bearing  diverging  case  and  ideally  results  in  constant  relative 
velocity  and  therefore  constant  target  Doppler.  However,  experimental  errors  in 
truck  and  target  velocities  and  in  relative  bearing  will  be  present.  As  the  experi¬ 
ments  are  performed  using  just  one  Doppler  filter,  it  is  necessary  that  the  filter 
passband  be  wide  enough  to  accommodate  the  anticipated  experimental  errors. 

A  constant -bearing  converging  experiment  is  generated  by  reversing  the 
directions  of  the  target  velocity  and  truck  velocity.  For  this  case,  the  target 
Doppler  frequency  changes  sign  to  +315  Hz,  and  the  Doppler  filter  is  designed  with 
its  passband  centered  on  this  frequency. 
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fl  It  er  'irlist  he  1  a  i  il»’  e;i»  t .  .  a*  •  ■  m  ’•>..! .at «  ! .  v..**  -  1  n  '  a  •  i  Di  :  -t  a  « • :  In¬ 
in  the  dynam  i  r  s  -  - tin-  e\pe>  m  m!  ,  ■  ,e»a  ,  -  .  ,  ;  •  ,  \\{  •  n.-  ; «  ,  ;  •  , .  ul  a  • 

C'hoSejj  lof  the  t  rtlek  e\j)er  Itnettt  ,  'he  :  « •  1 : 1 1  ’  \  •  *  .  *  *  •  o  •  ■  ’  \  e  I .  i  ;  t  \  SS:  .all,  .(til 

results  ir)  the  elutter  annul  at  sect. a  asso-  ;.(ted  a  iMi  da  pas. -hand  >f  the  1) 
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the  cascaded  filter  does  not  have  a  r  apid  rolloff  111  th-  region  lii't«ei-n  these  .m  tors, 
the  figure  of  merit  will  he  redueed. 

Generally,  it  was  found  that  dise rim inat ions  greater  than  shout  40  ill i  to:  hand- 
stop  t'f  bandpass  -  -.id  not  impr  ove  the  'igure  ol  merit.  1  his  is  due  in  part  to 

the  noise  prodneed  oil  reeeption  hv  the  analog -t  o-digit  al  <  niivertr'r  heeause  o( 
truncation.  Analysis  of  the  experimental  system  t c »  lie  user!  in  the  trtiek  predicts 
that  if  theoret ieal  nulls  of  the  order  of  -an  dlt  were  desired  in  the  optimum  re  eive 
pattern,  truneation  in  the  A  D  eonverters  would  result  in  nulls  only  ot  inagnitu  h 
-48  to  -50  dlt.  The  effort  of  the  truneation  is  therefore  equivalent  to  a  noise  Sou  ,-e 
in  the  receiver  system  at  a  level  48  to  a0  dlt  below  the  peak  of  the  optimum 
(NFMKAD)  pattern. 

Taking  into  account  the  effect  of  the  A  I)  truncation  noise  on  the  optimum 
receive  pattern,  tire  figures  of  merit  for  many  different  cascaded  pairs  of  1  11; 
filters  were  computed  and  compared.  Bandwidth  considerations,  based  primal  ily 
on  expected  errors  in  relative  velocity  in  the  truck  experiment,  indicated  that  i  as- 
eatling  a  BP33-2-1  bandpass  filter  with  a  BS33-14-1  bandstop  filter  was  the  best 
compromise  Solution  (that  is,  high  figure  of  merit  together  with  adequate  bandwidth!. 

2.3.  ii  COMPARISON  WITH  (TIIKK  SYSTKMS 

NFMKAD  was  com  pa  red  with  systems  using  Chebyshev  and  uniform  array 
transmit  and  receive  patterns  with  and  without  filters.  In  all  eases  the  antenna 
apertures  used  were  equivalent  to  those  as  specified  for  the  truck  experiment. 
Comparisons  were  made  for  targets  located  broadside  to  the  truck  and  moving  at 
various  radial  velocities  in  the  interval  -11.2  mph  to  -32.7  mph  (-5.02  in  s  to 
-14.  Ii  in  s).  Figure  7  shows  the  improvement  of  NFMKAD  over  systems  using 
uniform  array  tram mil  and  receive  patterns  with  and  without  filters.  The  cascaded 
FIR  filters  used  for  this  analysis  were  composed  of  a  PP33-3-2  bandpass  filter  and 
a  BS33-14-1  bandstop  filter.  Figure  8  shows  the  improvement  of  NFMKAD  over 
systems  using  -40  dlt  Chebyshev  patterns  for  both  transmit  and  receive  with  and 
without  filters.  The  filters  used  here  were  a  I1P33-2-1  bandpass  and  a  BK33-15-1 
bandstop. 

Without  filters,  the  per  formance  of  both  the  uniform  array  system  and  the 
Chebyshev  array  system  are  far  inferior  to  .NFMKAD.  liven  with  filters,  the 
uniform  array  system  performance  is  35  dB  or  more  below  NFMKAD  over  most 
of  the  clutter  frequency  range  that  was  considered.  The  Chebyshev  array  system 
performance  with  filters  is  at  least  8  dll  below  NFMKAD  except  for  clutter  fre¬ 
quencies  in  a  range  corresponding  to  low  radial  velocities  rc'ative  to  the  ground 
where  NFMKAD  improvement  was  20  to  35  dR.  For  a  given  aperture  size,  the 
.•mpositr  Chebyshev  pattern  (the  product  of  the  transmit  and  receive  patterns) 
has  a  hr.i. idei  mainlohe  than  the  composite  NFMKAD  pattern,  and  for  targets  with 
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Figure  7.  improvement  of  M'MHAI)  System  over  a  System  Vsing 
Uniform  Patterns  on  Both  Transmit  and  Heeeive  (a)  Without  Fil¬ 
ters.  (b)  With  Filters.  Filters  were  BP-33-3-2  and  BS-33 - 14  - 1 
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(o)  CHEBYCHEV  WITHOUT  FILTERS 
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Figure  8.  Improvement  of  \FMHAI)  System  over  a  System  1'sing 
Chebyshev  Array  Patterns  on  Both  Transmit  and  Heeeive  (a)  With¬ 
out  Filters,  (b)  With  Filters.  Filters  were  BP-3. 1-2-1  and 
BS -3 3 -13-1 
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I.  \KMR  Vl>  KK  II  \HI>W  \HI 


M-'MKAD  is  a  ’  proof-..f-coiieept"  system.  ;»ti«!  tin-  ..lee.  i:\i-  tin  b  .'  m  : 

is  Hist  flirt  ion  i  if  a  rat  In  r  capable  uf  |  >«  • :  form  t  tit'  I  In1  |  >■  'St  t:  I  at  i  ■■  I  'tin-  t  ■  •  n  •  a  it  I  '  t- 
greatest  iToimmy.  This  economy  involved  simplicity  in  design  at  n  inmai:  •■.  •  ■;.  - 
tarvrnst  In  thr  addressing  of  tin-  pn mrnni  ..I  na  tive.  A  unique  at:-!  | > 1 1 1 1 1 *  : ■  * •  I 

experimental  tool  is  thr  product  of  this  "  iHtuii, .mte'  coiisidcrat  n  >n. 

M’MKAD  w  as  created  in  oialrr  to  experiment  a  1  ly  itivrsl  t  gat  at'!  •  \aluatr  'la 
use  i>r  antenna  pattern  mill  filtering  t"  redtu-,.  Dupplrr  ■  Inr.  ■.  As  a  .  .v.li, 
M.MIIAI)  perl',  irmanrr  rapabi  lit  ies  are  limited  in  ext. -tit.  \  I'M  HAD,  as  a  pr  •  - 
of-ronerpt  design,  is  tint  a  fullv  opera!  iottal  side-looking,  si  and-. •!'!',  a  rl>.  ••  tie 
moving  target  indicator  radar  design  based  ,,n  the  antenna  null -filtering  ctieep'. 

The  principle  performance  churn.  teristies  •  >!'  M'MKAD  are  highlight.  d  here. 

As  a  side-looking  Ai  rhornr  Moving  Ta  reel  Indteator  (AMl’l)  radar.  M-'MKAD  doe* 
not  possess  the  performance  capability  of  angular  scanning  (a/muth  or  elcv.at  t. . r i > . 
M-'MKAD  cespontls  to  targets  in  its  main  beam*  and  is  capable  of  nulling  I)  -pul.-i 
clutter  received  through  one  attlemta  sulelohe.  This  is  possible  .-in.  e  tlie  M-'MKAD 
possesses  a  multichannel  receiver  design.  II. .never,  tin-  antenna  null  is  d.-v.-h  p.d 

through  digital  signal  processing  of  information  from  the  eight  . . tv  .  hanm-l-.. 

1  lie  \  I'M  HAD  also  performs  conventional  l)..poler  lilt.-.  .  ssing.  1 1  ...  ev.-i  , 

here  again  only  one  Doppler  I'i  Iter  of  experi  meiit  a  1  interest  is  i pi  • -m  •'.)>, -d,  and,  - 
with  the  ant  eiina  mil  1  format  i  on,  it  is  created  through  the  dig  it  a  1  pr.--  ess  mg  . t  la- 
eight  -channel  receiver  information.  These  performance  .•apnhilit  ies  and  limitation 
are  a  direct  result  of  Hie  intended  purpose  of  the  M'MKAD  hardware  design. 

The  M-'MKAD  may  hi'  subdivided  into  three  maior  fun.  I  i  .nal  subsister  Mu 
HF  system,  containing  tile  transmitter  and  the  receiver  mixing  preampltfti  at :  .ti 
stage;  the  Signal  Conditioning  section,  consisting  of  the  int e •  ttiedi.Ce  frequenev 
amplifiers,  the  gain  control,  detectors,  sample  and  hold  ei>-etiils,  nnnlog-to-digit.nl 
converters,  output,  timing,  and  control  logic;  and  the  Signal  Processor,  e. insisting 
of  a  high-speed  array  processor  slaved  to  a  host  CSP-tiO  minicomputer.  F  igure  P 
illustrates  this  simple  functional  subdivision  of  M'MKAD. 

Discussion  of  the  M'MKAD  KK  hardware  design  and  operation  w  ill  encompass 
the  KK  section  and  portions  of  the  Signal  Conditioning  section  critical  to  the  proper 
functioning  of  the  M'MKAD  KK  design.  Remaining  topics  dealing  with  the  digital 
hardware  will  be  developed  in  Section  4. 
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rile  m ixitlg  product s  id' t ho  3 a  Gil/  ami  *>0  Mil/  a  re  free  to  propagate  from  both 
waveguide  ports  of  this  dovioo.  The  tiO-iWIl/  rosidual  is  attenuated  by  tho  cutoff 
charaeterist  ics  of  tho  waveguide.  However,  tho  sum  and  difforonce  signals,  as 
’.v oil  as  tho  original  : 1 .  i  ■  ('.11/,  arc  within  tho  passband  of  tho  wa ve  guide. 

Power  consisting  of  reflected  f.  3 a-GI ! /  signal  and  tho  various  mixing  product 
propagate  down  tho  waveguide  in  tho  direction  of  tho  -Ii  dlt  dirodtonal  coupler  oir - 
put  port.  flu'  directivity  of  this  directional  coupler  is  specified  at  la  dll.  This 
enables  the  coupling  of  mixing  product  pott  er  into  the  1 ,( )  signal  path  to  the  receiver. 
This  spurious  signal  power  consists  of  the  sum,  difference,  original  l'.3a  Gil/, 
and  tlu  intorntodulation  products.  The  presence  of  these  mixing  products  in  the 
1.0  path  to  the  receiver  mixing  preamplification  stages  would  desensitize  the 
receiver  by  raising  the  mixing  preampli fieat  ion  noise  floor;  that  is,  effectively 
".jamming"  the  receiver  front  end.  In  order  to  avoid  this  difficulty,  an  isolator  and 
tile  first  pin  diode  modulator  have  been  placed  between  the  -ti  dll  directional  coupler 
and  the  orthomode  mixer.  An  understanding  of  the  mechanism  involved  mav  be 
obtained  through  examination  of  two  distinct  eases:  diode  switch  "off  condition 
ami  diode  switch  "on"  condition. 

first  consider  l  he  diode  sw  itch  "  off"  eottdit  ion.  During  this  com  lit  ion  the  pin 
dr. lie  switch  provides  -la  djt  of  riotid  i  root  i.  .tin  1  attenuation.  This  effectively  atten¬ 
uates  the  3.'*  till/  power  (a  maximum  of  7  ,0  ui\\  l..  a  level  of  -lit  dlltn)  available 
at  the  ,.i'i||oi:ioile  mixer  to  a  level  below  that  required  to  effect  mixing  (2-mW 
minimum  roqm  red  s  ign.i  1  potier).  lienee,  these  m  ixing  product  s  cannot  be  gener¬ 
ated  In  the  turn  oil'  "f  the  "iiNer  by  the  t*.  3  a-Gl  I  /  signal  power  during  this 
.  ■  .111  lit  loti. 

Given  ’la  p.  >>s  ibi  1  it  \  ..f  suftieient  signal  current  available  for  mixer  turnon 
'■  '  *  la*  ••O-MH  •  s.  .invc,  sufficient  reverse  signal  attenuation  exists  to  prevent 

1  '  '  ■  i  ve  •  1*  ■  s .  'is  P  nr  II,.  mixed  signal  Would  be  at  a  level  below  the  maximum 

'll'  nut  I  .  su  re.  1  m  i  Ills  i  ase  at  2d  m\Vl.  Hut  for  sake  of  argument ,  choose 
'  ,.  1,1  •  2  n  :  \\  ,  Ibis  signal  w ,  wild  inverse  —I ,.  dlt  ..f  attenuation  m  the  diode 
-  '  '  1  ■  '  V  ii;  '  d' :  .  .a  i. ,nal  ..itonuaDou  m  ati  isolator  preceding  the  sw  itch,  a 

-  1  .  d  1 '.  '  !  t !  ,  ,  ;  '  \  \  ,  va  i  laid,  m  1  lie  -  *i  «1  It  di  rcet  i,  «nal  couple  r,  as 

'  -■  '  'i  d  ,\  I'owet  division  (-"  ,1H  channel).  This  would  give 

'  '  •  '  -  mill  i’t'!ii:a!  i.  of  ippi  oximately  - 12',  dlt.  If  one 

1  1 1  ''f  '  '  ■  ' •'  1  lie  11'  put  ,  '  1  he  •  ii .  ,,  le  S  A  it  ell,  t  lien  a  I  - ,  a  x  i  m  u  c. , 
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CONTROL 

Signal 

!  igure  11.  T  vpira  1  M  i  c  ■  |-.  •  A  a  v>  •  PIN  I  hode  Sw  i’ .  h 
(Adapted  from  Hewlett-Packard  Application  \otr, 
past  Microwave  Sw  it. h-SPST  Situ  s  T-!  14  0  and 
.1  a  i!40) 

An  K  F  pulse  produced  from  (lie  action  uf  Model  f  3  222.4  .‘.ill  possess  rise  and 
fall  times  no  greater  than  10  ns.  Model  33142A  will  typically  produce  an  111  pul.- 
with  a  rise  time  of  a  ns  and  a  fall  time  of  7  ns.  Switch  turn  "on'  or  "..rf"  is  a 
function  of  control  voltage  threshold.  Actual  turn  "on"  or  "off"  times  are  a  func¬ 
tion  of  the  switching  characteristics  of  the  diodes  shunting  the  111  path.  (  nee  tin 
negative  going  control  pulse  amplitude  in  faet  falls  below  or  rises  ah-  ve  the  tiega* 
control  voltage  threshold,  the  switch  will  turn  on  or  off,  according  to  the  eharneti 
istie  switching  time  of  the  switch  diodes.  Switch  model  3.3142A  is  capable  of 
absorbing  2  W  of  C'W  (tower  in  the  off  mode.  Switch  model  3.3222A,  at  tin-  output  . 
the  TWTA,  is  capable  of  absorbing  2  \V  of  C\\  power  and  sustaining  a  73  \Y  peak 
[tower  at  a  maximum  pulse  width  of  one  ms  and  0.001  duty  cycle. 

Both  switches  are  driven  by  a  TTI.  compatible  switch  driver  (device  number 
DII00.35G).  The  main  hand  trigger  is  provided  to  integrated  logic  circuit  r\  (  I  I'll 
which  drives  the  switch,  driver  of  the  first  microwave  diode  sw  it*  h.  Kr<o-  the  sa: 
main  hang  t  r  i  gge  r  source,  the  main  hang  trigger-  to  the  second  diode  sw  it  eh  is  i; ;  - 
supplied  to  an  .N\?4  !2.’t  /TTI.  ret  riggerable  /testable  in  u  It  r  vi  brat .  >  ■),  I’l.ts 
device  delays  and  resh.apes  the  main  hang  trigger.  The  -  tit  nut  .  ’  ’ t < ■  S\7412"  T  I 

device  IS  also  supplied  to  integrated  logic  ei  fruit  rv  IT  I!  1  •_>  ho  |-,  d-  i\rs  ' !., 
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signilieini  delav  exists  m  t )  1 1  ■  pi  ■  ,pagut  it  m  •  !' the  IM'  pulse  Hum  the  lirst  diode 
s.nt,!.  i , .  th,-  second  diode  switch.  T"  ei.nipetisnte  for  this  pr,  ipngat  i-  in  delay,  tin- 
H  ••ttiti  ■ '  'in-  see,  'ltd  sw  it ,  h  driver  t  s  iti  ■  1  :i  \  i"  J  t  ti  r<  »ugli  t  hi  •  action  i  >  1  the  S  \  i  *1 1 2  3  I  I  1 . 
i  i  •  \  1 1  ■  i  ■ .  rliv  ri  sing  edge  ill'  t  hi  *  r:  in  in  hang  t  ri  gg  •  •  i  hit  elu  *s  tin-  ‘list  s  t ;  i  l’  <  ■  <  <  I  t  h<  ■ 
S\H123  ,m.  Kxternal  KC  1 1  mint;  circuitry  is  adjusted  t  • .  yield  :i  ft  rst  -st  age  :i- 
tin:,-  it  too  ‘i>i  i  qual  in  t hi-  propagal  u  >n  delav  from  1 1  rst  In  tin-  si-*'i old  switch.  At 
tin  down  i'll  ri  -  k  "1’ tin-  first  SX74123  stage,  tin-  second  stage  is  clocked  nil  l"i'  tin 
predetermined  period  nf  2’'0  ns.  rhi'  output  "f  this  s»t :< hi ■  is  usnl  in  di  ivi-  tin-  si-i  - 
1 1 !!■  1  in ir  in  i M  a vo  pin  dindi'  switch  driver.  The  microwave  switch  is  turned  nil 
preeise’v  the  time  the  HI  pulse  generated  by  the  first  suit  eh  hti.s  risen  t .  ■  its 
maximum  amnlitude,  and  remains  .'ti  f. . i  2 *>t;  ns.  This  aetn-n  permits  opening  ■' 
the  second  sniteh  « hen  a  stable  HI  pulse  is  iin  ident  at  its  innut  port  and  reshapes 
the  wide  H1‘  pulse  tn  desired  pulse  width. 

rite  HI'  pulse  generated  by  the  firs'  dimie  switch  is  wider  than  tha’  d'-sni-d  fur 
;  ransinissien.  1'h.is  is  a  result  nf  the  filtering  act  inti  el'  the  wavecuid'  fiber  that 
eliminates  the  higher  frequenrv  eetu pniients  nf  tin-  HI  pulse.  1'.,  e  .ml.at  this  pr,b- 
lem,  'lie  rain  banc  trigger,  as  it  originates  frntn  tin-  St  anal  Pi  •  iressmg  Sec*  ton  — 

•  ■tmi  nest  board  number  1  (System  Timing  1),  is  420  ns  wide.  As  ti  result,  the  RI 
pulse  generated  by  the  first  in  iiTuivti  ve  dindi'  sw  it  eh  is  :  i  2  0  ns  w  tde-  w  ttli  rise  and 
'all  times  less  than  lb  us.  The  HI  signal  bandw  idtl*  is  the-. ret  n  ally  400  Mil/  wide 
at  tins  staff*'  n1'  transmission  pulse  formation.  J  J .  >  w  ever,  the  waveguide  filter  band¬ 
pass  is  .  inly  l1.  41  .Mil/  wide.  Consequently,  tin-  HI  pulse  me  ident  at  the  input  to 
the  TU'I;  amplifier  is  120  ns  wide,  with  rise  and  fall  times  of  approximately  100  ns 
each.  The  320  ns  wide  mam  bang  trigger  is  del., yen  40  ns  by  the  74  123  devi<  <  s 
ft  .-st  stage,  which  in  turn  fires  the  74  22.3  device  second  since  for  the  desired  pulse 
peri, id  of  200  ns.  The  firing  .  ■!’  the  se.  ,  .nd  stage  --l  this  I'll,  device  enables  the 
capturing  of  the  degraded  HI  pulse  (wl'.ett  it  is  present  at  the  second  switch),  and 
reshapes  the  RI  pulse  to  the  desired  transmit  pulse  characteristics.  Die  HI'  pulsi 
incident  ;it  the  transmit  antenna  input,  iias  a  slightly  rounded  ueak  and  is  2m;  ns 
wide,  with  a  rise  time  of  approximately  0  ns  and  fall  time  approximately  f!  ns. 

This  reshaping  process  theoretically  produces  a  final  transmit  pulse  with  lead¬ 
ing  and  trailing  edge  "porches."  However,  these  porches  are  of  duration  less  than 
30  ns  and  are  no  greater  than  0.  (i  mW  m  intensity.  These  per.  lies  were  not  detect¬ 
able  during  system  bench  testing  using  a  linear  detector  of  30  mV  MW  sensitivity. 
Figure  12  below  illustrates  the  pulse  firing  sequence  discussed  above. 

The  rise  and  fall  time  of  (lie  switch  driver  output  pulse  is  between  4  to  '•  ns. 
This  switching  time  is  characteristic  of  the  switch  driver  and  independent  el'  input 
pulse  rise  and  fall  time.  In  addition,  the  negative  amplitude  of  the  control  pulse  is 
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Figure  12.  Timing  Diagram:  Transmit  Pulse  Formation 


Far  larger*  than  the  voltage  necessary  for  diode  switch  turnon.  This  insures  precise 
and  reliable  operation  of  the  diode  switches.  Figure  13  is  a  schematic  of  the  micro- 
wave  diode  switch  firing  circuitry.  The  quad-Nand  gate  and  inverter  (TTI.  devices) 
driving  the  switch  driver  add  minor  delays  in  the  firing  of  the  switch  drivers. 

These  minor  delays  have  been  compensated  for  in  the  design  of  the  firing  circuitry. 

The  second  switch  also  attenuates  noise  generated  by  the  TWTA  during  the 
interpulse  period.  The  characteristics  of  the  Hughes  X1277H  TWTA  are  such  that 
1  mW  of  white  noise  is  continuously  generated  across  its  bandwidth,  in  the  absence 
of  input  signal.  With  the  second  switch  turned  off  during  the  interpulse  period, 
white  noise  is  reduced  to  a  level  of  at  least  -4a  dBm.  This,  combined  with  the 
-fia  dB  coupling  figure  from  transmit  to  receive  antennas,  prevents  subsequent 
jamming  of  the  receiver  during  the  interpulse  period. 
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Figure  13.  Diode  Switch  Firing  Circuitry  (Adapted  From  Hewlett-Packard  Application  Note,  Fast  Mict 
wave  Switch-SPST  Series  33140  and  33  040) 


■i .  1.4  i  ! . a \ :\t;  wayi:  n  hi:  ami'i  n  icatk ;\ 

Pie  filtered  pulsed  ".  -11 -GHZ  signal  must  be  amplified  b*  fore  •  ransm  is.sior.. 
Insert;  'it  h  s.s'.-s  through  component s  between  the  orthoiiiode  mixer  and  Tic  ;i r ; : jjl i 1 1  — 
ration  stage  field  a  final  peak  signal  power  of  >  mW  maximui n  incident  at  the 
amplifier  input.  The  maximum  safe  permissible  driving  power  for  this  T\\  1  am¬ 
plifier  (Hughes,  model  X12771I)  is  0.  i>  m\V.  This  ma\  be  achieved  by  ad i ust ing  the 
variable  attenuator  (adjustment  located  on  the  transmitter  rack  front  panel)  to  a 
setting  of  -p.  2  dll.  With  0.  fi  m\V  of  drive  power,  the  TWT  amplifier  output  power 
is  22.  f>  W. 

Continuously  variable  transmitter  power  is  available  in  two  power  ranges.  In 
the  low  range  (0-5  m\Y),  the  TWT  A  is  switched  out  of  the  circuit  by  two  manual 
waveguide  switches,  one  preceding  and  one  following  the  TWTA.  During  low  -range 
operation,  the  variable  attenuator,  preceding  the  TU  FA,  affords  continuous  adjust¬ 
ment  of  transmit  power  passing  through  the  parallel  waveguide  transmission  path. 
With  the  TWTA  into  the  circuit,  the  same  variable  attenuator  is  used  to  continuously 
vary  transmit  output  power  from  1  mW  to  22.  5  W  through  variation  of  TWTA  input 
power.  Figure  14  is  the  measured  gain  characteristic  of  this  particular  TWTA. 

In  order  to  protect  the  TWTA  from  reflected  power,  a  -1(1  dB  isolator  has  been 
installed  between  the  amplifier  output  and  the  waveguide  switch  following  the  ampli¬ 
fier.  This  protects  the  TWTA  during  manual  waveguide  switch  operation  and  dur¬ 
ing  the  second  microwave  r>in  diode  switch  off  time. 


Figure  14.  TWTA  Gain  Characteristic 

3.  1,  5  TRANSMIT  A  NT1CNNA 

The  transmit  radiator  is  a  simple  sectorial  horn  situated  directly  above  the 
receive  horn  array  and  polarized  in  iho  horizontal  direction  (II -plane  vertical). 
The  horn  aperture  has  an  H-planc  dimension  of  3.3  in.  (8.3  cm)  and  an  H-piane 
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dimension  of  8.3  in.  (21.2  cm).  The  H-plane  taper  length  is  18.7  in.  (47.5  cm), 
with  an  E-plane  taper  length  of  19.  5  in.  (49.  5  cm).  These  dimensions  yield  a 
theoretical  gain  of  approximately  20.3  dB.  Figure  15  illustrates  the  transmit  horn. 


Figure  15.  Transmitter  Horn 

Given  the  above  horn  aperture  dimensions  and  uniform  aperture  excitation  in 
the  E-plane  and  cosine  aperture  excitation  in  the  H-plane  (TEpj  mode  excitation 
of  waveguide  feeding  a  flared  horn),  the  theoretical  azimuth  3-dB  beamwidth  is 
approximately  19.3°,  and  the  theoretical  elevation  3-dB  beamwidth  is  10.3°.  The 
theoretical  azimuth  mainlobe  beamwidth  is  approximately  44°,  and  the  theoretical 
elevation  main  lobe  beamwidth  is  approximately  25.  8°.  It  is  the  azimuth  direc¬ 
tivity  pattern  which  is  of  interest  here,  although  the  elevation  directivity  pattern 
determines  the  multipath  characteristics  of  the  system.  Figure  16  compares  the 
theoretical  and  experimental  transmit  directivity  patterns,  while  Figure  17  illus¬ 
trates  the  experimental  elevation  directivity  pattern. 

It  is  important  to  note  that  coupling  between  the  transmit  horn  aperture  and  the 
aperture  of  any  given  receive  antenna  element  aperture  (located  directly  below  the 
transmit  horn)  is  approximately  -65  dB.  This  coupling  of  transmitted  power  into 
the  receive  antenna  element  apertures  results  in  the  characteristic  main  band 
video  at  the  start  of  range  timing. 


DIAC.Nt  .  S'  I '  I  (.  I  At  i  I  !'I'I  i  :s 


Tun  colli  biliously  variable  output  power  :anp-a  im;h  In-  selected;  (I-  >  m\\,  ,  r 
1  ti’AV  to  22.  :>  \\  .  in  addition,  l;n  ilities  haw  been  provided  lur  t lie ■  synthesis  of  a 
1  hippie  i'  v>  t  I'rfi't  I  requetu  The  injection  i  >  l  this  synthetic  Doppler  signal  ml  n  the 
1  I'ansmilliT  mixing  process  enables  el'fieieni  diagnostic  testing  of  ihe  receivci  hard 
\v  ire  and  software.  Ihe  Doppler  frequency  is  that  of  a  target  moving  Mat  iVum  ihe 
rada.r  platform  ;it  a  speed  of  approximately  IX.: i  mph  (  >.  1-1  m  s)  (or  Doppler  !re- 
queiicy  of  -22a  II  I'lte  signal  is  created  hv  the  single  sideband  suppressed 

carrier  mixing  of  .22  i  11/  with  iiO  Mil/  prior  to  the  orthomode  mixing  "f  all  Mil/ 
with  S',  da  Oil.'.  The  at)  Mil.-  and  22a  11/  undergo  phase  oaticellat  ion  mixing  and  the 
subsequent  selection  of  the  first  lower  sideband  of  this  single  sideband  mixing 
process.  Phase  cancellation  mixing  is  the  >nly  effective  single  sideband  suppn  ssed 
carrier  mixing  technique  available.  The  frequency  repartition  of  the  first  uppe:  and 
lower  sidebands  from  the  carrier  (22a  11/1  renders  the  design  .  ,f  Ihe  necessary  nnie- 
band  filter  very  difficult  (if  not  impossible)  for  this  application. 

Figure  18  illustrates  the  Doppler  targe1  simulator.  Note  that  the  schemata 
illustrates  the  selection  of  Ihe  first  upper  sideband.  Selection  of  (he  first  lower 
sideband  is  accomplished  through  the  interchange  ol  the  (21  ports  of  the  Hewlett- 
Packard  Balanced  mixers  shown  in  the  offset  signal  generator  section  of  the 
Doppler  generator  schematic.  A  simple  Wcin  Bridge  audio  oscillator  and  amnlifior 
comprise  tile  :)  2  a  - 1 1  z  simulated  Doppler  signal  source.  The  power  supplied  to  the 
orthoir.ode  mixer  is  the  same  t-ii.d  dBm)  whether  it  is  a  pure  hO-MH/  sinusoid  ,-r 
a  sinusoidal  tiO-MlI/.  plus  Doppler  sinusoid;  thus,  the  signal  level  at  the  receiver 
is  invariant  to  the  selection  of  either  mode. 

Selection  of  the  injected  Doppler  is  accompli  lied  bv  a  switch  provided  on  the 
front  panel  of  the  1(1  assembly  (Transmitter  Heeeiver  Hack).  With  the  radar 
platform  stationary,  the  operator  ma\  select  the  inject  ton  of  Deppler  into  the  t  rans- 
mitter  signal;  thus,  a  Doppler  target  moving  at  the  velocity  of  interest  (-11.  >  mph, 
-j.  14  m  s)  is  synthesized.  Die  signal  may  he  directed  at  a  convenient  stationary 
radar  target  for  operational  cheek  of  the  receiver  hardware  and  receiver  operating 
software,  rather  than  attempting  the  simulation  of  this  Doppler  target  through 
appropriate  motion  of  either  the  rad.-it  platform  and  or  radar  target.  The  operation 
of  the  receiver,  w  ith  respect  to  range,  may  lie  cheeked  through  the  appropriate 
selection  ol  either  the  low-  or  high-power  ranges  of  the  transmitter.  This  mav  he 
done  w  ith,  or  without  the  synthesized  Doppler  target  and  the  use  of  all  appropriate 
st  at  iona  ry  rada  r  t  a  rget . 
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OFFSET  SIGNAL  GENERATOR 


Figure  18.  Doppler  Target  Simulator 


3.  1.  7  Sl'MMARY  OF  TRANSMITTER  SPECIFICATIONS 
a.  Frequency  Sources 

1.  Primary  Frequency  Source  (crystal  controlled) 
Frequency:  9.35  GHz  ±  0.0025  percent 

Power:  250  m\V  min  to  1  \V  max.  (typically  3  50  m\V 
Harmonics:  -45  dBc  (min),  (typically  -(55  dBc) 
Spurious:  -(10  dBc  (min) 

Supply:  +28  V  dc  at  IA 
Unit  is  convection  cooled 

2.  Secondary  Frequency  Source  (crystal  Controlled) 
Frequency:  (50  MHz  t  0.005  percent 

Power:  800  m\V  (min)  (typically  950  m\V) 
Harmonics:  -20  dBc  (min) 
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SuppK  :  •  J  8  V  il'  i  '  pel  (tit  Higulutuu. 

I  nil  is  c.  .11  vee!  it’ll  i 


3.  offset  Dtippli'i  Test  S.iiitt  t 
Wi'in  Bridge  Audi"  (  iscillaC 

Frequency:  ’t2  i  II/,  less  limn  1  pi-is  cut  disi  .i  t;  n 
Amplitude:  typically  > .  tt  V  peak  i"  peak 
Supply:  ±1"  V  dc 

Pulse  Characterist  tes  (Pulse  Generation,  I  I  I  l ail  rd  ledl 

1.  Pulse  Generated  hy  I  irst  Mu  imuive  PIN  I J i.  Me  Sw  it>  It 
Frequency:  !*.  da  GH/ 

Prf:  lain  11/ 

Pulse  Width:  120  ns 
Pulse  Hise  Time:  a  ns 
Pulse  Fall  Time:  7  ns 

2.  Pulse  Characteristics  after  Filtering 
I' requeney:  ? • .  4 1  Gl!/ 

Prf  11131  Hz 
Pulse  Width:  320  ns 
Pulse  Hise  Time:  100  ns 
Pulse  l'all  Time:  100  ns 

3.  Pulse  Characteristics  after  Amplification  and  Action  of  Second 

Microwave  PIN  Diode  Switch 

Frequency:  0.41GII/ 

Prf  1831  11/ 

Pulse  Width:  2 till  ns 
Pulse  Hise  Time:  t;  ns 
Pulse  l'all  l  ime:  1!  us 

[.calling  and  Trailing  edge  porches  no  greater  than  30  ns  in  duration 
and  at  least  -.'Hi  dll  below  pulse  peak  power. 

Transmitter  [Omission  Cbn ractorisl  ies 
1.  Signal  (Pulsed  C\V) 
l-'requency:  0.41  GHz 
Prf:  1831  11/ 

Pulse  Width:  2tn>  ns 

Pulse  Hise  Time:  ii  ns 

Pulse  Fall  Time:  8  ns 

Occupied  Bandwidth:  til)  MHz  (approx.) 

Maximum  Peak  Power:  22.  .7  W 
Duty  Cycle:  0.04  percent 
Spurious:  -40  dBe  minimum 
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\ ssu:  mm.'  uni  form  ape  rt u re  exeital  ton,  the  ivitiv,  array  ....  ... 

i-.Hi  Ivmrni  i.ltli  ..f  approximately  M”.  The  ealeulated  .-mill  -element  azimuth 

Uvitv  pan. Til  and  ill.-  experiment  a  1  pattern  are  i  Dust  rat  ed  in  l'n'Mrr  T>.  I 
,,;yht.  dire. livid  pall  <■  in  was  ealeulated  usinfi  tin-  prineiple  ..f  antenna 

pattorn  ,i.uin, .in-ad. a..  The  relationship  In r  Urn  siiiyl.- -element  pattern  was  mu' 
pliod,  point  At  pi.iiit,  nil).  the  equivalent  value  of  a  patt.Tii  pr. 'due. -d  by  --mill 
.  qualh  spac'd  point  souree  radiators.  Tin-  nortnuli'/ed  relationship  or  array  It 
t,.,-  r.M-  oii>)il  equally  spac'd  Point  smiivfii  is  as  rollons: 

, ,  sin  (in, _ id ) 


n  sin  (t.  -  / 


I'  elements 


n  no.  ol  >• 


d  ros  '/  ■  .s 

r 


0  for  uni  I'ormlv  excited  point  Sottr.es, 
il  is  imcsui'".!  in  lit*'  normal  to  Ha'  array  lac'  and 


dr  f-  d 


X  :i.  uui  cu 


..Mil,  d  1.27  ctn,  till-  rlciH'iit  spaeiiiit  (venter  to  renter  of  'he.  revolve  element: 
llarh  valur  of  '  V.'  aehieved  'or  a  idvvtt  »  ,8  cull  ipliod  for  the  same  valuo  o!  t. 


achieve.)  for  tin-  snmlr-i'lciriU  pane  n  to  yu'ld  '  K'1  of  tin-  roinposito  vplitin 
attorn.  Tin-  Id  '  is  squared  and  tin-  loC  to  ha. -a-  10  lake  he  deveh  (.merit  of  tl 
oitllit -.  loin. 'll'  a.'iililitli  diri  .'iivity  (power)  pattorn.  \oto  that  all  I’attrr!)  '  aim! 
t  ions  aiv  n, < rm;t 1 1  :*» n'fVivrn'<  '1  f  <■  0  f  1  li. 

The  a  ho  vo  .  alotilair  t.-  Mold  a  .'lose  approximation  to  tl'.o  naHlt'o  of  tl'a 
olomoiil  pattorn.  Tin-  .-oi  ro.-tion  of  phase  ..ml  amplitu.lo  eri. •(•.->,  .-loi.o  .it  h\  .1 
mont,  is  rof.-otic'  to  tit-  first  ohatin.'l  rec-ive  element.  This  valtbra- '• 
ac'oinplislled  111  t  lie  signal  profess mV  ..f  tl.e  i  .'A  radar  tutor.:.  ill.  n  *•'•  0  ' 1  -• 

and  radar  platform  st  at  ionar> .  The  e  ilihr:itt..n  is  l’.-r  formed  on  a  daily  ht^i-. 

I .  f. ,  ,e  Old  aft.  I  a  field  testinii  sessions  (refer  I’t  -  Im  1 1  a  1 !  ra  doi:  r.  -'i:  me, 
■.vare  anil  field  •esinu;  seen.. ns  ..f  this  r.  pof>. 

j',.1  ,  !  m  the  h. .  r  I  a.  <n*  a  1  di  feel  ion  (h-plane  pa-dlel  ,  found),  'he  r.  . 

array  IS  sou. iter!  di  I'eet  ly  b.d.-n  the  '  faiisif.it  horn.  As  a  result  ol  Mrs  ‘  •■u!n;u 
1,01).  el  .  I'ifY  I  ron,  the  I  r  nismit  Iro  n  eouph'S  into  ra.  1  i  eeetv.  elem-mt  •  h". 

. ;  ,  ,  j  ] ;  t . . .  1 . , the  peak  transmit  nm.-r.  Dus  results  ill  tin  de'.-etietl  -f  main  ha 


1(1*-,  .  ;  i *  tin-  LMnninU  ’  ulUV1  mputu!. 


Figure  22.  Theoretical  and  Kxperunenta!  Azimuth  I 
Heeeivcr  Fight  -  ITcmt  rit  Array 


’i'll'!  Pattern  for 


3.  2.  2  H  IX  I : I V i ; H  Fill  )\T  i  :\l) 

deferring  In  the  schematic  in  Figure  22,  the  received  9.  4  1  -CJ1 1  :•  .signal  is 
mixed  with  the  9.32-011/  I.()  signal  to  produee  a  90-MII/  intermediate  frequent  y 
(IF).  The  IF  signal  is  then  amplified.  These  two  steps  are  aceomplished  ,tt  rn 
unit  (HUG  Model  M DM  8-12  12A  mixer  preamplifier).  The  1.0  power  :s  derived 
from  the  primary  (9.33  GHz)  transmitter  signal  sourer.  Power  from  this  prims 
Source  is  coupled  at  a  level  a  dB  below  its  output  power.  This  coupled  power  is 
once  again  divided,  eight  ways  (through  a  Mcrrimax  eight  way  power  divider, 
Model  Number  RDM  82-100,  and  one  each  of  the  eight  p. m ,  r  divider  outputs  is 
supplied  to  the  mixing  stage  of  each  of  the  eight  receiver  mixer  preamplifiers. 
Typically,  the  1.0  power  available  to  each,  of  the  receiver  front  end  mixers  is 
11  mVV  or  10.4  dBm.  Tile  mixer  preamp  requires  3  to  18  dBm  of  t.O  power  t. 
effect  dependable  mixing,  and  an  I  .< )  injection  level  is  excess  of  23  dBm  will  call: 
damage  to  the  double  balanced  mixer.  Interniodulnt  ion  products  of  signal  and  It 
mixing  are  suppressed  a  minimum  of  20  dJ3  below  that  of  tin-  nO-MII.  II  signal. 

The  HI'  bandwidth  of  the  mixer  preamp  is  4  GHz,  centered  at  10  OH  .  The 
bandwidth  is  typically  in  MHz.  i  entered  at  00  Mil/.  The  noise  figu'e  .*  tin 
mixer  preamp  is  typically  11  dB.  Mixer  preamp  111  to  IF  gain  is  s  nee  i  m  a  I  1-, 

20  r|B  minimum.  With  these  sneri  fiea'  ions,  the  front-end  signal  se'isitivi'v 


m 


approximately  -!*’>  dH:n  him-  ehnntu-l.  I'liis  results  m  ;.t:  approxi:r..Ve)y  l.-i  ■  ■  H 
U  minimum  incident  signal  po\>.cr  requirement  )><•!•  •  ■■•ivi1  lumin  I  :  ■:  r-.t  :rd 

detect  !■)!',, 


lire  imvkh  gain  c  ( .\TK(  i 

H  ;•).  'In  ■  fxi-i'p1 I  1 ,  <  a>  I.  1 1  signal  jMS.-i-j  tltr  ugl.  a  v. :  e 

(0-1  ,  .lit,  Merritt  ,  -  M.  di  l  Al I M  -  i '  t  ha'  is  us.-d  «  mm  ' i . >  .  m  •  , 

■  huntuM,  I'M.-  Si  ana!  ill  .  httr.nol  1  is  fiivi  It-!  into  i  •  ;  .,M.s.  (  n<-  is  si::.;.!;.  :  • 

i'  -a  am  nl  i : i •  ■  :•  ,v!i  >sc  output  is  ultimately  usd!  !t>  :iii:  :  a  a  I !  v  .  rr  r-  .  t i:«  .  •  , ; 

li'.anr.'-is  insure  linear  .aera'i  ve-  'l:i  .rmhi-  rsr.a-  <v:h-**  :  itr-ir  -  r- 
rials.  i  in’  •tin-!'  :\.rms  Mu  :n;iui  t'o:  a  i  i  •  i  <  • . .  ?  :  e.'iiv.  1  r.ann.'1.  (Mi:-:1  >  ■  ■'.  >  •  i  i  ' . 

I'lu-  variable  alt . -nunt . . rs  in  ehnnnels  -  through  8  >1«  liaiaiv  inn  a  Mu  .-,-  .  Irmr.-'ls 

iM.  t -  ■slice!  t. ,  channel  1.  C  •  unpon-sati  >n  i  in-  •  ■  1  •  - i ■..<  tit  signals  -! s i :  .  i  i r 
'  i r  -  'iv  i  !.  -  m  t-m  s  is  a-  c .  >rr.  pi  i  shed  m  (In-  s  i  arm  1  p  r.  .<■.  -  ss  i  rig.  Ilns  .  a  1 t !  ■  -'a! :  .  ■  a  ■  <  ■  - 

dure  IS  Ji-n .  t :  I  i  >  1  ishod  daily  establish  .'in  antenna  pattern  lru-asnr-  ••  .-nr  bus.  litn-. 
as  .tell  .as  t,.  compensate  for  changes  in  r.vi-:  v  ■  r  r,  -it.  n.  ment  .  ipcrat  am  cha  ra>  i  ■  :•  - 
i  s  l  i  s . 

Tin-  division  -  >  f  po.vcr  in  channel  1  enables  Mu  reali/at  i.  .n  of  an  uttort  Imdux  cam 
r  .-nii-iil  system.  I  alike  cunvi-n'  i.  -n:i  I  ACK  ,  tin-  \|  MKAI)  stopped  gain  control  pm- 
vidcs  a  broad  but  I  inoar  dynamic  rain'e.  I  Ins  is  arhievcd  through  a  feed  -  !\ .  rw  a  rd 
nini  i'mI  approach.  The  signal  derived  from  Mie  logarithmic  amplifier  in  i  harm-  1  1 
is  amplitude  sample. I  and  converted  to  a  -l-l-ii  digital  code.  I'lu-  digital  amplitude 


a... 


i  nfi  »rmat  i>  -ti  is  t  runs  t"i  ■  niirii  in  combinatorial  logic  into  a  8-bit  toggling  cod*-  to 
,.,ini  I  ,, I  programmable  attenuators  in  .-ach  ,,f  the  <•  i ^ht  linear  receive  channels. 

Sufficient  time  f,,r  switching  and  sett  lint;  of  the  attenuators  is  provided  by 
delaying  the  1 1  >  1 ,  '  I  (I.  ,0  us  w  ith  a  long  lit -  a 8  coaxial  cable.  W  ith  a  delay  id 

1.,;  „s  ft  r>.  L'-.  ns  itt),  illl)  ft  ( 1 0!*.  7  ru>  uf  KG-i8  provides  the  necessary  0.  i!1  «s 
delnv.  However  a  considerable  insertion  loss  is  associated  with  this  d*i0  It 
(10i>.  7  ml  Coaxial  delay  line.  To  compensate  for  the  loss,  the  signal  is  preampli¬ 
fied  prior  to  insertion  in  the  delay  line. 

In  addition  to  toggling  the  switchable  attenuators,  the  H -bit  switching  code  is 
processed  and  provided  to  tin-  systems  logic  interface.  This  information  carries 
real-time  values  of  received  signal  level.  In  this  fashion,  the  order  of  magnitude 
of  tht'  received  signal  amplitudes  are  preserved  for  later  adjustment  of  the  digitized 
linear  channel  outputs. 

The  amplification  of  the  received  signal  for  gain  control  is  accomplished 
through  a  logarithmic  amplifier.  The  signal  is  amplified  and  the  logarithmic  value 
of  the  signal  level  is  sampled  and  converted  to  the  4-bit  digital  amplitide  code. 

I  bis  enables  the  use  of  a  4 -bit  ana log-to-d igit a  1  converter  for  the  first  step  in 
generation  of  the  3-bit  attenuator  sw  itching  commands.  The  use  of  linear  ampli¬ 
fication  would  require  the  use  of  an  analog -to -digit a  1  converter  of  much  greater 
than  4  bits  of  dynamic  range,  t  nfortunatelv,  the  required  conversion  speeds 
constrain  this  portion  of  the  design  to  A/I)  converters  of  8-bits  capacity  or  less. 

The  choice  of  a  4-bit  A  'D  converter  also  simplifies  the  rlesign  of  conversion  logic 
for  the  generation  of  attenuator  switching  commands  as  well  as  the  digital  amplitude 
information  for  later  digital  processing  of  the  received  signals. 

Amplifiers  following  and  preceding  the  switchable  attenuators  in  each  channel 
serve  as  isolation  amplifiers.  The  attenuators,  during  switching,  arc  mismatched 
to  the  f>0-n  delay  lines.  In  order  to  isolate  reflected  spurious  power  during  atten¬ 
uator  switching,  n  stage  of  IF  amplification  has  been  inserted  prior  to  the  attenua¬ 
tors.  In  addition,  a  stage  of  II-'  amplification  following  the  attenuator  isolates  the 
mismatch  from  the  input  of  the  I  and  O  mixers  in  each  channel.  These  amplifiers 
also  compensate  for  component  insertion  losses  throughout  the  receiver  system,  as 
well  as  provide  the  required  system  gain. 

Without  the  influence  of  this  gain  control  system,  the  dynamic  range  of  the 
receiver  (per  channel  basis)  would  he  only  48  dB.  This  is  derived  from  the  8  bits 
of  A  I)  conversion  capacity  for  either  the  1  or  Q  aides  of  the  eight  channels.  Kach 
toggling  of  a  bit  in  the  A  'D  converters  corresponds  to  a  doubling  in  signal  level, 
lienee,  8  bits  of  conversion  multiplied  by  !!  dB  of  signal  dynamic  range  per  bit 
yields  48  d1!  of  dynamic  range. 

The  a  ‘ors  extend  this  dynamic  range  by  4L’  dB  for  a  total  linear  dynamic 

range  of  00  dJ->.  e  attenuation  occurs  at  (lie  rate  of  (i  dB  per  step  or  '!  dB  per  bit 
change  on  the  switching  command  rode.  This  operation  is  illustrated  in  Table  2. 


Table  1!.  11  Att  i-miat  inti  as  a  I  unction  -  ■ ;  Hnsr  I  >;p,  ■  t  i*  ■  r  h 
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receiver  will  begin  In  saturate.  It  is  i :  ■  iimri  a  til  !»■  rti.te  that  the  I  *  0  -  i  J  dv 


rnnge  assumes  a  noise  level  such  that  tie  A  1)  <■-.  :iv<  •  sj..n  hits  an-  set  h\ 
rather  than  the  si  until  ■  interest.  The  tetal  <!\nn"  tie  ram."  is  linear  as  . 
fe  logarithm  Jr  feneountere!  .<  i  t  h  I'ee  lhark  ,nt  r  d,  A  (1(1.  This  enables  1 
processing  that  I'erirs  the  \l  MltAI)  atv!  Iie|,pl<  r  !'ilt""S  t,.  he  : ul rnt. 


■  1 .2.4  1!  HAMDPASS  C  IIAKAC  1  KIMSTICS  AM)  1 )  1 1  1  1  (  Tl<  \ 

(  .1-  Ml  >Vl\Ci  l  AllCll  I  S 

The  three  II  amplifiers  serve  varans  'utieti.  -  s  •  it  It  paji-.l  te  the  r 
Cain  e,intf"l  system.  In  addition,  the; :  <  asrnded  bandpass  rharaeterist  i< 
mine  tile  overall  II  bnndnnss  rhn  met rist  ic.  The  composite  I)  bnndnas.' 
terer]  at  (10  Mil/  with  a  K-iIli  l.atv!  •  i-illi  ef  .'I  Mll/atttla  r.  ■!  lelT  .  T  40  ■ !  H  p. 

The  rereiver  II  hnndw  hitl)  i  -  been  eheSen  a :  >;  1 1*.  .\  i  mat  <  the  . . in 

the  pulse  width  (that  is,  2  '■  1  a-a.  ns  =  7.  .  Mil  1.  which  in  turn  ante, 
perfermtinre  of  a  matrhetl  ['liter.  This  t'i  1 1  e  •  .ha  r  eicistie  tils  .  •  ude|\ 
mates  •  matehr.l  Tilt  er  eha  raeterist  if  (that  is.  tin-  II  kmdwidt!  ehararte 
passes  only  those  signal  components  within  -I  Mil  ..‘'the  •.0-MII-  il  ).  M 
signal  frequency  components  are  attenuate.!,  resulting  in  pulse  wpis-nding 
would  cause  two  consecutive  pulses  that  are  very  el., sc  in  time  t,.  ,. verln| 
indistinguishable  as  tw..  unique  pulses.  This  Hoes  n,.t  p,,sc  a  p,  ,,hler.  w  it 
to  range  del  e  rm  i  nat  i  on,  since  the  range  nl'  an\  given  target  is  a  function 
associated  target  pulse  position  within  a  riven  rant;.'  bin.  This  dictates  i 


mat  r 


a'vuiTirv  !■!’  lhr  radar.  This  is  opposed  t , .  r-  >ui  inu<  us  range  det» 

»•!)<•*•' I  ». .  t  h«  ■  I  *  * ;  i '  i  i  n  t.*  edge  i  r  a  rend  vcd  ;  nil  si’.  I  l«*n***\  n  ?i* -« ■■  i  <  ■>:  ;M  s  •  •  ■  ;n*  -*  ■ :  v 
fVii'l  pul.-e  rbn ra-  t«  • »  1  st  ie  s  t«-  enable  t  *  j  i :  *  •  ■  1 1  i  < » ?  i  ■  >:  onlse-*,  si?;*  •  j»uis»  p-  ■  i*  :t-  m 
T  !:••**  a  r< •  • ' ''  i !  i  1 1 )i  r  !  ;i M< •  ml  v  \  i  t  ll  r« *S  perl  1*.  *  111* l  r  <  -<  *r  u  ran  ■JH‘i '  ill  ;i  g  i  v* *n  rang'-  t  • '  • : . 

(  .m^equent l\ .  tin-  !l  bandpass  .  ha  rad  rrist  h  m  suffi«’ii*!i1 1  y  bead  !..  pi't-s.  •  rv<  •  Mm 
gross  nature  "fa  m  rived  pulse  and  \et  sufficient  1\  nano.*  *  ■  <  ban!  limit  n<  •  m*- 
(that  is.  the  maximi  'at  i<  «n  of  SM!  is  tatitam.  Mint  t . .  tin-  pi  eserva*  i<«n  *  •  ('  exact  pulse 
shape  ami  tin1  av<  >idanr« •  of  mtrrpulse  overlap  or  i nt crfcreiie« •) . 

Informat  ion  rnrried  l>v  the  rnrivil  pulses  (per  r(ianiicl)  encompasses  n«  »t  <  •  n  ]  \ 
position  information  (w  it  h  ivspirt  any  given  range  bin)  but  return  signal  instan¬ 
taneous  phase  information  as  well.  The  division  of  radar*  range  inlo  range  bins, 
and  the  timing  of  returned  pulses  with  respect  to  these  range  bins,  enables  the 
ext  rart  ion  t  if  i  a  rget  range  inf-  ii’inai  ion.  However,  phase  diseriru  inat  ion  of  the  re¬ 
turned  signal,  witli  i*espeet  to  the  transmit  signal,  is  aerornplished  f<-r  the  ext  rae 
tioii  of  instant  aneous  targei  signal  phase  inlormaton.  This  later  phase  inf«  .j-rr.t  i. 
when  compiled  to  form  a  time  historv  of  phase  diffc  renees  for  a  tar  get  of  mterest, 
const  it  ut  es  in  formal  ’  on  c-  -neerming  the  Doppler  frequency  of  da-  t  a  r  get  .  «f  interest 
and  hence  tin  target’s  radial  velocity  with  respect  t.o  tin  NTMHAD  platform. 

Th(‘  ll‘  signal  ur'.de -goes  quad  ratu  r«  •  mixing  will  t  h«  •  a()-Mli/  re'erciice  f- . 
the  !  ransm  it  ter.  This  quadrature  mixing  \ields  signal  magnitudes  pr- >p-  »rt  i,  ma  I  *■ 
the  r'fri  angu  la  r*  components  i|ie  signal  ve«  tm  .  ('lie  product  ■ qu;  dial  u  re  ixir 
is  propoi  t  i.  .ii:t!  to  the  magnitude  of  the  real  component  •'  the  signal  vet.,-,  •  'ij-. 

other  product  is  proper!  iona!  to  the  magnuu  ie  <  *'  the  imaginary  p.  nent  • 
same  signal  vector.  In  addition,  tin-  positive  or  negative  na'ure  of ’he  real 
imaginary  pr-rts  of  Ihe  signal  are  determined,  lienee,  the  nuadraMu  mixing  .  ‘ 
the  11  signal  and  » i  0  —  i\  i  1 1 r’eferetiee  results  in  information  regarling  not  .  n.\  r-.< 
amplitude  of  the  received  signal  but  know  bulge  of  its  complex  eor-poiu  ».t  r  agtnlud 
as  well.  Later  processing  of  the  component  magnitudes,  on  a  per  pulse  1m  is. 
yields  the  instantaneous  phase  differ  mice  with  respect  to  the  t  ransmit tori  s  .nal. 

( ‘ompilaf  inn  of  a  time  history  of  these*  phase  differences  enables  mm,,  mem-m  .  .f 
the  time  rate  of  change  of  received  signal  phase.  This  is  the  definition  ■>'■  queii 
and  lbs  the  l)op|)ler  frequency  of  the  target.  flic  pn.sirivonrss  or  negativeness  .  ■!' 
complex  component  magnitude  yields  information  on  the  pos  it  i  v<-ncss  or  negative:!, 
of  the  phase  difference.  With  the  time  history  of  positive  -  »r  negative  pliase  ii'Ter 
cnees,  the  sign  of  the  target  Doppler  may  lie  determined  with  succes.-d  vrl\  mere m 
ing  negative  phase  differences  indicating  a  target  with  relative  velocity  diverging 
from  the  radar,  and  a  lime*  history  of  successively  increasing  positive  phase  diffe 
cnees  indicating  an  approaching  target. 

The  data  processing  of  the  target  signal  vector  component  s  n.i  « -nix  \mlds  tar 
get  |)o|>pler  information  hut  also  enables  the  appropriate  processing  •  f  cadi  H ■atitud 


output,  cat  cving  informal  ion  on  tile  sumo  target,  in  t n-< i« ■  c  to  lorn,  the  rei  civ, 
ant  (‘fin. a  pat  torn  null.  Til  is  is  ro  vered  in  greater  Hot  a  i  1  in  Scot  ion  .  4 .  2  o!  tins 
report . 

Tin-  II  signal,  after  I  lit-  att  initiator  post  amplification  stage,  is  power  divided 
and  inserted  at  tlieCl-X  ports  of  two  1  lew  left  -  Fa  oka  rd  Double  Jialaneed  Mixers 
(M|)I.  lOa.i  lH).  A  liO-Mliz  reference  signal  from  the  t  ransmittor  second;, r\  signal 
source  is  power  divided  through  a  Merrimac  Quadrature  Hybrid  (Model  QIIS4-20). 
This  liO-MIi/  reference  signal  is  typically  of  aOO-mW  power  level,  yielding  approx¬ 
imately  ">0  ni\V,  after  eight -way  power  division,  of  reference  signal  power  into 
each  of  the  eight  quadrature  hybrids.  In  the  quadrature  hybrid,  the  IIO-MII/  refer¬ 
ence  signal  is  power  divided,  one  portion  is  inserted  directly  into  the  li-G  port  of 
one  of  tile  model  10.Y14H  double  balanced  mixers.  The  other  portion  of  the  fiO-Mll/ 
reference  is  phase  delayed  by  !'0°  and  provided  to  the  H-Ci  port  of  the  remaining 
model  10.Y14H  double  balanced  mixer. 

The  portion  of  the  11  signal  mixed  with  the  unshifted  fiO-MII/  reference  pro¬ 
duces  a  signal  ill  phase  with  the  iiO-Mll/  reference  and  with  magnitude  proportional 
to  the  magnitude  of  the  inphase  component  of  the  signal  vector.  This  is  designated 
as  the  "I"  component  of  the  signal  vector  and  is  represented  as  the  real  component 
of  the  s  igna  1  vector  in  phase  with  the  reference.  1'he  port  ion  of  the  It  signal  mixed 
with  the  phase-delayed  tiO-.MII/  reference  signal  produces  an  output  in  quadrature 
with  the  tiO-MHz  reference  and  with  magnitude  proportional  to  the  quadrature  com¬ 
ponent  of  the  signal  vector.  This  signal  is  designated  i  s  the  Q  component  of  the 
signal  vector  and  is  represented  as  the  ’imaginary  component  of  the  signal  vector 
in  quadrature  phase  relationship  with  respect  to  the  reference  signal,  f  igure  24 
illustrates  this  I  and  Q  signal  relationship  with  respect  to  the  tiO-MHz  reference 
vector. 

Referring  to  Figure  24,  a  time  history  of  consecutive  1  and  Q  values,  indicating 
a  change  in  <t>  such  that  each  new  <F  value  is  successively  greater  than  the  last  and 
changing  in  the  positive  direction,  would  indicate  a  positive  target  Doppler  or  target 
motion  on  a  radial  path  awav  from  the  NI'MHAI)  platform.  The  converse  is  true 
for  4>  changing  in  the  negative  or  clockwise  direction. 

There  is  conversion  loss  associated  with  the  mixing  process.  In  addition,  the 
only  mixing  products  of  interest  are  the  sum  and  difference  frequencies.  The 
original  input  mixing  frequencies  and  the  intermodulation  mixing  products  are  of 
no  interest.  To  overcome  these  difficulties,  both  1  and  Q  sides  of  each  channel 
possess  amplification  and  filtering  of  the  quadrature  detection  out  pul.  Filtering  is 
accomplished  by  virtue  of  the  frequency  response  characteristics  of  components 
following  the  quadrature  mixers.  The  wideband  amplifier  (l)atel  Model  AM-lrlHl 
following  the  mixers  compensates  for  conversion  loss  in  the  mixing  process.  The 
gain  of  this  amplifier  is  set  to  equal  the  conversion  loss  of  the  power  division  and 
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Figure  L*4.  I )  i  m  Lf  1 1 ;  ••!’!  and  Q  (  nit  put  s  -\i*h  Ilrsnrrt  »•  I J  •  -  ■  •  SmiisJ  \’. 


mixing  process  (typically  N.  1  dll).  I  h  •  ■  •  - « 1 !  ’.  handAilth  ‘  i  r . :  -  i<  vi-  -  :  •  am-  • 
lished  by  tin*  chosen  train  setting.  (.lam  and  Ivnui:  i  *  it  1 .  .  1  ,  s-;n  u  1  ism  s  1  1!  -  >1 
arc  ]>v  tin-  selection  nf  ilir  idehand  a::  *  > )  t !  i  ♦  r  _.iiu  o.  1  dll.  th*  ;,o 

tiers  M-dB  bandwidth  is  set  at  nm^hlv  10  Ml!.*.  thm  m-t  .  oh  .  •  .m ;•*  n-su  •  :<■* 

m  invci'.sii  *n  losses  but  also  a!T*>r<is  at  t  * -iniati.  .a  \  mixing  «  •  ■  i  i ».  >n<  ■ 


above  10  AIM/. 

Further  atfenuat  inn  of  unwanted  high -!‘requenc\  :•  i x i * l ^  ■*  1\ i«  i  >  b<  1,  ■  in  ? 

is  accomplished  during  the  amplitude  sampling  of  tlie  :  m.nliiied  I  and  Q  sign.. Is 
The  response  time  of  the  sample  and  hold  device  (Mat*  1  ihgh  ■’speed  S.ai'  pb  and 
Mold,  Abide]  SIIAI-1  II)  is  smh  that  the  holiest  sinusi-idal  sign.il  •  iv(}ip  -uc\  u.at 
be  a  ecu  rat  el  v  quantized  is  a  All!/  (that  is.  a  maximum,  sampling  rat*  ■  >!*  in  VII 
[minimum  required  \yqiiist  rate  to  areurale!\  samph  a  .-MM.'  i  uus.  «i*  *  |  ) .  \- 

sult,  the  d-dl'i  bandwidth  of  this  device  is  t  Mil';  thus,  additional  attonirci,  -n  .  ■ 
mixing  products  above  10  Mil/  is  afforded  as  .\«dl  as  at  t « ■iniat  i  • -n  m  iw.g 


as  .‘.«dl  as  at  t , -iniat  i  -u 


i  m< 


between  >  and  10  Mil/.  Any  mi/iitnm;  products  nf  mixing  :il  ■<  >\>  ■  Mil/  ;.i  >•  :m  - 

ml  as  noise  riding  tin'  sampled  signal. 

file  I0-.Mil/  sampling  r  ale  is  sufficiently  Iasi  in  order  to  sample  a  signal  <  f 
2  -M 1 1/  bandwidth.  file  signal  bandwidth  results  lYom  a  pulse  train  of  :  oiighlv 
2  K 1 1  /  prf  w  ith  each  pulse  ea frying  in  If  m :  ftp  ii  uj  of  approxi  rial  o|\  1  —  K 1 1 .  -  band.1,  njii 
(1  Klb  equa Is  otie-ha 1 1‘  t he  un folded  Dopple  r  sped  ral  handwulth.  This  bandpass  i- 
suffieient  ly  broad  to  preserve  the  approximate  eha  i  act  e  r  of  each  pulse  (1  jpe.  a- 
1.  0  Mil/).  This  later'  ilia  motorist  ie  nbniini/es  amplitude  error'  generated  fro: 
off-peak  sampling  of  individual  pulses. 

The  sample  signal  for  both  !  and  <.)  ehantiels  of  eaeh  of  the  eight  reeeive  chan¬ 
nels  is  converted  to  an  {t -bit  amplitude  code  on  a  pulsc-to-pulse  basis  illatel  A  I) 
ft  invert  or  Model  VIIH-152).  The  ana  log-t  o-digit  a  1  converter  possesses  a  e,  axiom:: 
eon  vers  ion  rati'  of  10  Mil/  (a  -  M 1 1  /  eotive  rsion  bandw  lilt  h).  aga  in  pm\  nit  tig  su  fl  n  lent 
conversion  speed  for  a  signal  of  2-MII/  bandwidth.  This  digital  :n  .plitudo  ,  .  Ie  i,  , 
the  eight  1  and  Q  'airs  is  sent  in  parallel  to  the  liadar  Data  Huffer  tor  eventual 
transfer  into  the  array  professor. 

:i.  2.  :<  si'MMAKY  of  mil  i:ivi;h  SI’ lit  1 1  It  A  I  lo\S 

a .  Frequency:  0.41  C'd I / 

b.  Antenna 

1.  bight  sectorial  horns  flared  in  the  ll-plaiie  oIiIn,  ho  ri  .'oiit  a  1 1\  polari/e 
forming  an  eight -element  receive  arr.av 

2 .  A  r  ray  .'i  -dll  lieamw  i dl  h 

I  devat  ion  (|  1-plane):  It' ' 

Azimuth  (b-pl:meh  If" 

1.  (la  in 

Array:  20.0  dl!  (approx.) 

K lenient :  11.  1  dll  (approx .  ) 

e.  broil!  bud  (Per  Channel  Hasis) 

1.  1.0  Source:  0.  a  >  (11 1  /  suppl  led  from  transmitter,  typi,  ally  11  -t:,U 
power  level 

2.  HI  Handwidlh:  1  (ill/,  (centered  at  10  (ill.  ) 

!.  Maximum  lib  Signal  power:  -2!  dltm 

4.  Minimtiui  Diseernahle  Signal:  .  dllm 

>.  II  Handwidlh:  10  Mil/ 

a.  lib  loll  fain:  20  <11! 

‘i.  II  Si'i'lioii  (I’m  (  hannel  Hasis) 

1.  II  Handwidlh:  0  Mil/  centered  at  II  fro'itn-m  \  ■  iti,  |u  !|;  .,e>  do,  ,  I. 

1  olloff. 

2.  II  In  pin  tux  :  >.0  Mil, 

! .  II  (bun:  e.  , 1 1  (a  ppr-ox .  ) 

i,0 


m 


e.  Signal  !)i‘li-cnir  (lVr  Channel  Hasis) 

1.  (.juudrat  uit  Dclci  tai 

2.  Kef. ■!  cnee;  lit!  Mil.-  II  I. Ml  t  ratismitter  :,l  typical  juari  !•  vi-1  •:  >••  '  a\\ 

I.  (  .11,  I  l;a  lai  t  I-IISI  H-.-i  (Her  C  haniirl  Has  is) 

1.  I  K  na i : ,  ic  Kani'e:  •IHilHI-.Mlhi.nl  i'a m  .  .ill  i  •  -I) 

2.  Dvuaiiiir  limn;.-  \\  ith  ( '.am  <  out  lad :  "O  .IH  (no  noise  i-nvir.  .nm.-nt ) 

1.  ('.am  (.'out  i-i. I:  Hefei  .-need  I..  channel  1,  (Jam  settings  m  d-dH 

increments  with  fully  automata-  o|n-r:it  ion 

•1.  Detected  Signal  Handwidth:  li-.MII/  (approx.) 

..  Dopploi-  Hatltlw  iilth:  2  KHz  (approx.)  centered  at  0  Doppler  frequency 

t,.  Signal  information  (on  per  pulse  basis)  t  ransl'erred  to  System  Digital 
I  ogie  lnterfare,  I  and  Q  from  eaeh  rhannel  (relative  amplitude  only, 
order  of  magnitude  information  obtained  from  tain  control  circuitry) 

Amplitude  Word:  !!  lets 

(trder  of  Magnitude  Word:  -1  bits  (base  2  notation) 

7.  Timing  and  C..nt  r.-l:  Digital  (III.)  origin 

See  Seetioii  4  of  report  bo-  complete  discussion 

g.  Hat  tern  \ull  Korn, at  ion,  Doppler  Filtering  •  I’rocessing,  and  Target 
I  )et  eel  ion  accomplished  in  Digital  Si  mini  I  ’roe  ess  nut  of  Digit  t  ,-ed  1  and  i.) 
Information  (See  Section  a  of  this  report) 

h.  Schematic  of  NIMI(AI)  I!  I  Deceiver  Hardware,  Figure  2'. 

I.  Kf-.ChlUK  Hit. I  I  \l  ll\KI)tt  \KK 

lie.  riser  digital  ha  rdw  a  re  is  tasked  with  the  ana  lot;  -t  o -digit  a  1  conversion  of 
I  and  (.^  detector  outputs.  Digital!'  formatted  data  is  temporal  ily  stored  in  mantissa 
and  exponent  bu  tie  rs,  but  nil  in  i  at  >  I  \  t  rails  ter  red  I ..  an  a  r  rav  processor  ill  which 
bear  formal  Ion  and  Dopph-i  fillet  me  take.,  place.  Digital  hardware  utilized  to 
eoiivi  rt  the  i. ut  puts  i  f  the  I  and  (*)  re.  .-tv.  r  t . .  a  format  appropriate  for  input  to  an 
arras  processor  w  ill  b.  d  1  us-ed  in  'lie  fo  1 1  .  -a  mil-  sect  ions. 

\  fill  let  1.  -Ha  1  il.-s.  r  I  pt  I.  .11  of  receiver  digit  1 1  ha  rdw  a  re  will  be  present  ed  to  yield 
msu.'lit  ml.,  the  tasks  required  of  ea.  h  digital  sy  deni.  An  input  output  approach 
...ill  be  used  for  explanation  t  h  roiiglioiii  tin  digital  receiver  hardwar.  discussion, 

,  i  -n  .  a  •  .  -  \  i .  -  a,  o !'  1,  i  rdw  are  design  t .  -  lull  epic  ■  is  bey  ..nd  'll.  scope  ..I  this  repo  rt . 

I len-nce  1 1  ■  I  i  mi  r.  2 . .  sh. .-.(  s  that  the  re.  .  -  i  ye  i  automatic  rain  .  wilt  r.  d  ha  rchv  a  re 
.  dablish.o,  ,  base  2  exp-.n.-nt  whirli  is  ultim.aieH  transferred  to  the  array  processor. 
I  \:.a  HI'  ,  Hi.  e  .ritlfb  a  channel  1  II  signal  establishes  the  sirnal  attenuation 

1  :  a  ■  .  I  1  -.  I  Ins'  :  .i.q  t  ...mi’  ram  .  .  ul  i-..l  .  i  ■  .  u  il  i  \  channels  2  1  h  irui’l:  11  so-  1 1  a  i 

■  ; .  I  ,  v  .  : .'  i .  a  : .  -  .  .  ■:  .  .  .  -  b  a  1.  .in  ■  me  at  t  *  -  il  n.  1 1  or  a  1 1.  r  in  iv.  i  'p  la  a  mp  and  a  Its .  in  < 

: .  -  !  ■  -.  a  t.  ■  i  :;d  I ■  •  u  h  -  *  a  :  .1 :  t  it  - 1  w  Ith  4  -lit  A  It  -  otn  .  -  r  a  on  <  i  r  cut  t  I  . 


■1 


I  !  .lit  I  ' :  '  as  l»  •  i:a  I  n  ' '  '  :  •  .  i  ■  ■  ■  i  •  ’ '  •  ' 

:  ■  ,  •!  1  io,s  a  l.u-li  east . .  i  >  1  i.-l:  it  t .  •:! .  It  !. ■:  '  It.  i  I  1  i  . 

as ..liable  (I.  Id .  1".  1 til'..  S..  it.  i  = ! 1  i  •  'I 

\  .  dt  ogu  sc o  I  mg  ira'ohan  I  s:  *1  ms'  a  1 1,  ■)  : n  t  ju  ■  I  I  a  I  gu.i  I  :  ea  i  t  .  ■  -  ’ !  •  :  • 

has  lift  ’it  tit  m is  od.  Sea  1  iiu.'.  lull 1  ft  :■  tti  i .  >m  ail  a  :  t|.  *ti  '  i . :  i.  ' :  >  1 :  1  ■  -  I  1 '  -  ■ 

i a  .lit  n  >1  lint’s  -Sf  rvi’.s  as  i  ht.’  i  -  hi!  ltasi '  '  x|it  .tii-nt .  I  , .  i  •  .  x. :  : . ;  ii  i  ,  '  1 .  : ! 

s'.\  il  i-Ihi!  into  tin-  II'  signal  path  in  I  igui  <  tin-  II  s .  •ling.-  a.  nil  i  ■■  I  I  v  ••  • 
halvod  again;  t  lirri'Toro  tin-  scaling  I'actor  ttaisi  In-  I  (d  ) .  I  t  h,  ■  a  i  .s,  .  ■  .1  : 1  ’  / 

at  1 1 1  mint  it  'll,  t  ho  smiling  far  I  of  i  s  .  \\  it  Ii  I  h  ta  -o  a.  .ill  t  .  .1  1 1  m  s  t  la  ■  t :  i  .*m  :  i :  ■  t  ,  • 

i-xpontnl  obtainable  is  7.  rorrosponding  to  Id  ill!  II  at  l  inual  a  m;  :  atiia.u:  I! 

atlonuatioti  of  0  dR:  oor  rot*  ponding  to  d"  or  a  seal"  factor  a  units .  x-:i|.  a  :  a  :  i. 

analog  n  uuponont  s  a  it  input  t  ■ ■  wide -band  ampli  I'iers  si-i-n  tn  I  i  gu  i  t-  dm  • !  .  a 

s  tun  pi  oil  an-  ana  log-i  1 1  -d  i  gi  i  al  (A  ID  a.  mw  rs  nm.  I‘i  i :  i  ing  ■.  ■!'  s,  hiV.i  at  i,-.  1  i  \  ■  :  ti .-  a 

as  analog  saiuplo  and  pulso  t  i-aiistu  issii  an-  i  j :  1 1 1  <  •  i  -  .  ■  •  n'  n  1  .-ssiei  I:  taa  1 

'.'.alia  A  1)  r.im'i'fsioti  is  1 1 1  i  *  i  a  t  ■  •  ■  1  upon  sainpii-  anil  hold  output  s’ abi  1 1  a  ,a  :  a.  I'1 
A  I.)  I  ■.  'll  VO  ft  of  iligil  a  I  "III  put  plus  '•(-bit  hast-  d  cxiii  no 'll  a  ro  I  :  n.  •  :a  apis  -a  ■  .  :  : : 
mantissa  ami  hast-  d  exponent  buffers.  Whin  .lain  buffers  a  tiled,  1 1 i • 

A  ait  In  not  iu  PfOi'i-ssoi  (  M  A  ID  a  fans  pfnnss,  .u  is  iniortu.-d  .■!'  data  a  va.  1  hit  ■:  i  . '  '■ 
i  1 1 1 « •  t .  1 1  '  lolll  C"l  logic.  1  tiller  array  on, mss.  r  .••>!'.•  ta.l.  '!;••  !  Pa  all  irh  i 

l  o;  a  '  ai  It,  r  1  on  i  p.  ■  ra  r\  st  i .  ra  go  i  ltroitL'li  tlttl  a  com  I  it  i.  n  ttg  I  ogi,  :  :r  o  ,\1  A  1'  ■  ,  ■ 

''or  lirait:  h •  rutal  iott  atnl  Doppler  p roeess t ng. 

Tito  iuiidiottal  itti  t  <  (vs  .1 1  ,  liiscussiot:  it;  •  ;•.,-  nop  s.  •.  •(  i,  .>j  \  .<■■'.  s  -o,  si.  a  ■  •  •• 

s  itaplo  atnl  Hold  circuits,  analog-'.  •-  licit  ,|  onvorsion.  rad  a-  let  l-u:'a 
c, .!!  s T'SIO'I  logic,  and  ra.lat  tec  ti  ssoy  :  u!  .  •  r 


I  I  M  MK  \l»  Dl  l'l!  Sssl.ni  I  iming 

\  I  AIKAI)  {AM  FI  1  sssu-.ti  t  * : t . it .g  .  ita-tturs.  -Imu.  tt:  I  ig,ln.  s.-aucti.  .•> 

! "  lioflic  t  rattst: :  it  t  of  and  ;  •  ■  ■  t  s  •  ••  A  a  a  '  a  ms  ( f,  .  x;c  pi.  ,  pit  Is,  ■  rails:  a  is.- ..  .a  mi 

i  lia  log  I  a  a  i  •  isa  r  si  g  r..a  1  -a  t  a ;  .1  unA .  I' ho  -v  •'  h  •  •  a  train...'  .  i  rout  t  rs  ,  ,  .us  i  s' .-  .  1  ,  - 1 1  ! 

•  •;...  k  oscillator,  synch,  rottous  hip  .  •  \  .  .unters.  atnl  si-tso  iogie  :  ■■  doti-c;  mg  c  -ut,- 
'  e  r  .  lit  put  s. 

n.c  !  ;  atm  at  f  pulse  cotaa  ,'tii  l.\IAI\  HAMA.  S  A  A I  1  >  I  .  I  i  c , .  mauds  ha  ’it.  1  - 

ami  J !  - 1  - 1 1  attah.  g  -  t Itgtt  1 1  .  .  ns  ■  ■  '  •  'as  (  A  1  H  1,  1 1  to  rai  la  hu' • :  :  o-ua  ■  rs  sit;  a 

(Sllll  r  I\)  . ,  aids,  the  A  I  I  I  \l  A  I  t  l;  si:  1'  comm;. ml.  and  tin  r.cla:  huff.  • 

load  ( 1 1  A  I )  1 1 1  I  I  1.1)1  c...  ■  i :  -  md  arc  .  1 1  t  t  \a  -d  ;  re:  a  ■  -lit  out  s  .  1  t  hi  I  <  i  tta  rs  c.  tint »  t  -I  t  :  r  a  . 

\  1  '-Villa  cl,  ok  .  ut  out  i  -  d  t  S'  i  ■  1 1  a  1  I-.  :  _  pr,  ,du,  t  na  b ;u. a  ’-s  ,  ■  -u:  a  ,  ■ '  ctitruis  (,  ,t  ^ . 

.  ..  t),,  'tulh'j.  h',.  .  ..  Q, ...  :•  "bill  I.  ■!!  tit.  ■■  .riraad  ..  7-ns  ,  |.  ,  k  pul  a 
<t  I  ’  •  - 1  a  at  1  I  gu  t  '  ■  d7. 
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ligure  2li.  .AIK  lv  t :  !  I  i  ’is:  signals 

.  .ml  r.  d .  The  i:e.C  co.ninann  is  a  Tl  I  ■  ;•?>.•': I •  I .  0  r.s  ; >.  s  it  i  vi  ■  l"  ■  i n 2  ;  >u I .-»■  .  1 .1  ( 
rising  a  IK  I  fa  Hina  filllrs  arc  usd  r.  1 I .  !.  .AIK  lit  ;.i:t  dal  a  in  I  II.  buffi  i  real  si •  :  - 
unt  i  1  Sill  I  T  I  \  st  r<  .bes  out  put  'lata  in'  ■  ■  the  .\l.,:it  issa  lhiflei  >lcs<  ribed  Si  a  t  j,  n 
4.4.1.  Kin  lit  channels,  .  .tie  I  and  ■  m  i)  <  . -n  -ti«-tit  }>««*•  .  Iianncl,  !•»•<(>  ire  tn  8-bit 
ADC's.  Kight  -bit  SAM  PI. K  ice:  and  ii-iml'  <  dec  initiates  .sync  lire  unis  S<UI  and 
A1H'  ryclcs  f. » i*  the  A  D  r.  .nversi.  hard.1,  are  shewn  in  l-'ipurc  28. 

1. 1  K. tti.tr  I  tala  Itut  lVr 

T-.vo  8-bit  mantissas  (1  and  Q  •  ■  r  ■ :  |  aunt  s),  in  centum  lien  with  a  -hit  exp.  •tictit. 
define  t  he  a  n  ipl  it  uric  a  ml  phase  .  1 1  .  .ta  •  '  I;  i’liicl  rangt  sample,  ha.  h  channel  i- 
divided  into  la  ranee  samples  separated  in  span  |.\  1  11  ft  (10  ml.  I  •  •  •  anti.-sa 

ste raL'e  bu  l  ie  r  i s  1.  laded  under  ei  ml  r.  .1  ■  f  ;  a  da  r  s  ysl  ei : .  t  i  :  1 ,  ;  ■  c  in t  !  \  d ( s.  Ussed 

ill  Sect  ji  in  4  .  1 .  l-'el  l<  i-,'.  ins'  t  lie  lapse. if  a  selectable  i  ■antic  i  .  lint  e  ■  U'aiv.j  interval 
(referenced  t..  '  I)  •  .f  Sort  i.  ,n  4.  I ).  sysii  u:  I  mi  inn  i  in  tain  dictates  the  in  g  a  ai 
where  range  samples  will  be  taken.  Sixteen  sample  and  lini.i  ino.lui'  s  s  •.  I  u  li  i .  a  ions  i  \ 

res  pi  inti  tn  the  master  t  ini  ini’  8-bit  SA  M  I’l  .K  . . .  I  .  d  I.  ■  mg  or-  !•  j  sa  •  pi  inn. 

a  C '  (  )\  V  K  K  T  ei  mini. a  ml  is  i  ssin  d  ti  ■  1  n  A  I )  unit  s .  Al  i  he  i  i  .n.  his  i.  .  :  A  1 1  .  -n  - 

version,  eiahl  data  channels  cnnsisl  inn  ef  two  i»  —  1 1  i  1  wer.ls  pe  channel  ,  d  % 

for  loading  into  the  radar  mantissa  buffer,  t  me  8-bit  posit  ive  base  2  .  mome  nt  is 
stor'ed  per  range  sample  in  base  2  exponent  storage  buffer.  Data  :  ■  ■:,rese,ii  mn  .tie 
range  sample  over  eight  ehanntds  consists  of  In  H-bit  w..rds  si, .red  im.rted 
offset  binary  format  (defined  in  Seelii.n  •(.  .  1).  plus  ..lie  positive  i-bii  base  2 

exponent.  Kight  digital  I  ct  .iiiponenl  s,  plus  eight  digital  Q  .•  a  ■ ,  i -n.  r  ■ ....  r. 


f 


.  -i  \  n  i '  h  r  ■  i  >11*  >i!S  1  \  haded  m  parallel  ini*-.  1  K«  ■  ; :  iuiii  i  ssii  buffer  under  tl.»  1  <  <n*  r«  <1  1  Ml.-' 
;:i;iS!(T  l  l : : :  i  n  <  i  r«  ui  t  r  v .  The  ha  2  ♦  •»  *1!«  ml  !  s  loaded  m  ;  • ;  * :  ■ ;  1 1 1  <  I  !  >  I  ’  i « •  i  t  <  •  the 

l<  »:t«  i  i  *iti  of  the  » :  i :  &  ?  ■  t ! -sa  l  >u  ■ !»  r  h-:,*  Mbit  •  -xpi  >ti<  *i«  per  raiu»e  bin).  'Hit*  mant  i  s.-»a 
and  »*  men?  I  m  : 1  ’  *  -  :  •  j  >1 » •• :  i « ml » i  .villi  TTL  shill  n'l’islcrs;  tin  r  •  '  o  r  •  •  tin-  fir: 

niijr  bin  l-.ide!  :><■:  <  1 :  it  it  •  1  .'.ill  ’he  fi  rsl  ranm-  hist  shifted  out  when  uni*  adt*d 
int..i  tie  a  it:i\  or  *■.  «  s *  .r. 

A  diagram  :■  muting  1 1  m  ■  parallel  landing  of  the  radar  data  buffer  i.->  .-di<  n  in 
Figure  J'*.  Hit'  data  load  p  »: :  ■.  : :  land;-.  li*  •  r«  a  Ft  *  •  r  :  •  ■  ft  ■  m  ■'  I  to  as  SHIFT  IN  tornman 
art-  generated  b\  the  radar  s\stem  timing.  Tin-  buffers  arc  completely  filled 
following  li,.  ldth  SHIFT  IN  command. 

Data  i s  multiplexed  out  of  the  mantissa  huffer  in  a  serial  string  « . f  2.»h  8-hit 
•a  orris.  'I’he  unload  buffer  eoimaands  or  Sill  IT  Ol'T  commands  are  under  soft 'Aar 
control  of  the  array  processor  (WAP-200)  Input  Output  Scroll  (h)S)  hoard.  Tile 
I C  >S  hoard  is  tin*  input  'output  interface  used  to  pass  radar  data  to  the  array  prorc 
sor  Data  contained  in  the  mantissa  buffer  is  read  out  by  component, 

channel,  and  finally  range  bin.  'Hie  peeking  order  of  the  data  multiplexer  us  de¬ 
picted  in  'Fable  f».  Tin-  multiplexer  st  robes  Pi  wor  ds  from  one  range  bin  and  re¬ 
cycles  w  ith  a  SI  II I  * 'T  (  )FT  command  to  advance  shift  register-  data  forward  toward 
the  multiplexer  in  Figure  2b. 


Table  a.  Mantissa  Duffer  Data  Multiplexer  Pecking  Order 


Posit  ion 
in  Serial 

Word  Train 

Signal  Component  Descrdpt  i<>n 
(8-Pits  W  ide  at  ( output  of  Mantissa  Puffer-) 

l 

Channel  1,  1  Component,  linnije  Hitt  1 

•) 

Channel  l.  Q  Component.  Range  Pm  1 

■'< 

Channel  1’.  I  (  oinponent,  Haiu*e  Hin  1 

4 

Channel  2,  Q  (  oniponent.  |{:.iu;e  Hin  1 

14 

Channel  7,  Q  Component.  Range  Pin  1 

l 

Channel  8,  I  Component ,  Range  Pin  1 

in 

Cliannel  !i,  Q  Com poiient ,  Hin  1 

1  7 

Channel  \r  1  Component,  Range  Pin  2 

Channel  1  Component,  Range  Jim  1  * > 
('flannel  8,  Q  Component,  Range  Pm  D* 


The  output  data  train  is  combined  with  a  .'1  —hit  base  2  exponent  .and  directed 
through  format  conversion  hardware  to  insure  radar  data  format  compatibility 
with  that  of  the  array  processor.  Details  of  the  format  conversion  hardware  are 
discussed  in  Section  4.  a. 

4.4.1  MANTISSA  BllT-FR 

Radar  digital  data  is  stored  in  shift  register  memory  during  the  interpulse 
period  until  the  radar  initiates  an  array  processor  input  cycle.  The  shift  register 
memory  may  be  visualized  as  a  data  matrix  built  of  8-bit  word  elements.  The 
eight-channel  receiver  outputs  an  inphase  and  quadrature  analog  component  per 
channel.  Sixteen  analog  range  samples  are  taken  at  2(>7-ns  intervals;  therefore, 
the  data  matrix  is  organized  by  row  with  regard  to  range  cells  and  by  column  with 
respect  to  channels.  A  data  matrix  is  loaded  into  shift  register  memory  following 
every  transmitted  pulse.  An  I  and  Q  8-bit  word  is  loaded  for  8  channels  and  lit 
range  cells,  generating  a  matrix  of  Hi  range  cell  rows  and  8  complex  channel 
columns  (238  8-bit  words).  The  mantissa  buffer  shown  in  Figure  .10  obtains  input 
data  from  Datel  8-bit  A  /D  converters.  The  output  from  the  data  buffer  is  directed 
into  an  array  processor  via  Format  Conversion  Logic. 
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I  .aih  ,.r  111  rang.-  bins  is  ,.ss.  ■  i.ii .  d  ...  ii!.  :»..sili\.  :-lut  >:  i<  *  i ,  * 

:n'l  i  ■  r  i  /i'S  I  i:>  ■  .  ■  ff.  1 1  vc  g.a  i  n  •  '  !!  .  ha  tun  'I  s.  II'.'  i  —  I > ! I  <  '•-!>■  r  i < • ; i *  ■  . ; i .  r \  : ■ . . !  :  a  cl" 

l  Mil  ‘  range  I  nil  if  Hu-  stepped  ;  1 1 '  i  nuat "  is  :irc  i  n  1  lie  aul  m  :ia1  le  i :  ■  ■  ■'  i  <  •  of  ■  :  »  Till'  Mi. 

I  f  t  he  si . •  I J  si'  nuul IT'S  art'  . >  pern  ted  in  I  lie  manual  mode,  'la-  I  -  hi'  < •>: [ >  .lu-rit  v.  i  11  sia; 
constant  ‘'ur  1*1  range  Inns.  Tin'  exponent  is  stored  in  a  shin  i .'gistm-  array  .'!  hits 
wide  and  1’  range  liins  deep.  The  array  input  comes  from  e..nv>  rsn.n  logic  follow¬ 
ing  the  4-hit  AM)  converter  sampling  the  log  of  channel  1  IF  when  in  automatic  op¬ 
eration.  The  logarithm  of  the  channel  1  ll  signal  is  provided  by  an  analog  logarith¬ 
mic  amplifier.  Channel  1  IF  signal  is  split  using  an  lsot.ee  or  power  splitter.  Half 
of  channel  1  IF  signal  power  is  used  as  input  to  the  logarithmic  amplifier.  The  log 
amplifier  output  ultimately  determines  the  IF  signal  attenuation  required  for  eight 
channels.  The  remainder  of  channel  1  IF  Signal  power  is  time  delayed  by  utilizing 
coax  cable.  Channels  -  thiough  H  It  signal  (tower  is  attenuated  b\  .1  dll  and  delayed 
in  a  fashion  identical  to  channel  l.  The  log  amplifier  output  is  sampled  and  con¬ 
verted  to  a  4-bit  word.  The  4-hit  A  I)  output  is  converted  to  a  1-bit  IF  attenuator 
control  word,  which  establishes  the  IF  signal  attenuation  required  in  all  eight 
channels  and  the  base  '1  exponent  as  a  function  .  .f  range  bin.  establishing  the 
necessary  IF  attenuation  requires  time  for  A  1)  >  (inversion,  M  -bit  •  oiiversion,  atut 
attenuator  setting  and  stabilization.  Channels  1  through  11  are  delayed  for  tic  time 
required  to  establish  the  appropriate  IF  signal  attenuation.  While  in  manual  •  me  ra  - 
lion,  the  4-bit  A  I)  output  is  bypassed,  and  the  M  —bit  exponent  is  hai'dwne.j  m  and 
loaded  foil.  ing  cat  h  4  -  bit  SA  ,\l  I’l .  F  com  maud. 

Fa  Di.Fi  FomiiiiI  Cnim'ision  I  ogi.- 

I'ormat  conversion  li.ardware  transforms  the  tl-bit  A  I)  out  out  and  ;  -bp 
g  exponent  ini"  a  normalized  la-bit  Moating  point  data  word.  1  he  1  .,-l.|i  *1  • .  ,  i  mg 
no  i  lit  I'ormat  is  com  pat  i  1  >  1  e  v,  it  |i  the  input  requi  rei;  .  nt  s  . .!'  I  la-  (SIM  MAI’  a  r -  a  v 
processor.  Formal  conversion  logic  follow  s  the  output  .  f  the  rada ;  la’  .  In:  • .  ■ 
multiplex.  ;  jn  Figure  MM.  Kadnr  data  is  I  ransferr.-d  from  the  manliss  and 
"XpoMeiil  bii’  ers  through  data  conditioning  (format  conversion)  logi.  and  me  it. 
a  -  ray  [in.iFSSur,  I  )at  a  lo  rm  at  e.  .live  rs  ion  roll  id  ha  v.  ■  be.  -n  i  -i  p|.  -e  ■*  -n'  ed  in  a  :  :  .  i  \ 
f »r.  n  . -  s.-o r  s  -fi  .•  a.  •  however,  due  t , .  t  h'  p roe. -  ss  sp. •. -d  (  .  qu  !  ’  •  ■’ 1  e  ’ a  s  .  .f  .  ,u  :  -a  a  I  - 
time  :  at  i  ng  '-a  v :  roiim  •  -m ,  fore  at  .  ■.  ,nv.  ■  i  si  on  was  n.-.-.ssa  i  \1\  '.midem.eiiti  d  m 
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where 

ySmag  input  voltage  to  H-bit  A  D 

m . in.  binary  data  bits 

ti  a  0 

sign  bit  . 

4.  5.3  8-BIT  S1GN/MAGNTIT  DK  MANTISSA  WITH  PoSITIVK  2-BIT 
BASK  2  KXINfNKNT  GoNVKKSIoN  TO  1U-B1T  I  I  DATING 
POINT  K(  iliiMAT  WITH  BASK  111  KXPONKNT 

The  12-bit  radar  data  word  is  defined  as  shown  in  Table  ti  following  the  min 
bination  of  sign  '  magnitude  format  and  positive  base  2  exponent.  (lie  A  I)  input 
Voltage  expressed  (as  seen  at  output  of  sign  magnitude  format  conversion  logo 
after  combination  with  base  2  exponent)  m  terms  defined  bv  Table  .‘1  is  seen  In 


ySmatfx 


(10  in  V)(2  1 )( -1 )  h  liirXp  Y. 

k  1 


Kquatii'ii  (4)  allows  mu-  to  predict  tin-  A  "I)  output  utili/inu  T:dde  MAI’  la  x 
vcltaUi'  represent  at  ion,  and  the  1 1'  nttenuntcr  settings  x.,,  \^,  and  x^.  f.'|uafi..n  M) 
allows  tho  (•( iiivtrs ion  of  MAP  hast*  1  <i  data  to  A  I)  input  voltage. 


7.  (HI  m  \’H  1 '  l*  x !  v 

(4x./2x  -x  )  2. 

2  u  k  1 


Ml 


liquation  (41  is  useful  w  lien  relating  At)  voltage  input  .  discrvat  tens  «. .  .MAI’ 
voltage  observations  used  in  processing.  liquation  (4)  mav  also  be  used  to  instil  • 
A  I)  linear  operation  bv  insuring  that  the  input  voltage  speeilieat  tons  are  never 
exreedt'd. 

4. a. 4  NOllMAl.lZATlnNOK  lii-HIT  ll.o.ATINC,  l’(  il  NT  \\  (  -HO 

The  1  li -bit  data  word  is  normalized  in  hardware  to  insure  III  z  0  (unless  111. 
112,  and  H31  0),  If  hex  shifts  are  required  f,,r  normal  i /at  ton,  tin  base  Hi  expo¬ 

nent  is  decremented  aeeordingl y. 


t.6  la|ml/Out|itit  Scroll  (IOS)  Intcrl' are 

Discuss  ion  ol  the  It'S  interface  will  be  developed  primarily  around  data  and 
eontrol  interface  hardware.  An  event  timing  diagram  is  presented  with  references 
to  I? ADAH  1<  S  handshake  control  signals.  Interface  test  hardware  is  presented 
in  addition  to  detailed  discussion  regarding  real-time  data  status  indication.  Data 
transfer  rates  realized  are  presented,  and  the  data  double  buffering  input  scheme 
implemented  is  discussed.  Kadar  data  is  transferred  I't-oin  the  radar  data  storage 
buffer  through  fo-tnat  conversion  logic  and  into  an  arrav  processor  unde;  control 
• 'f  the  array  processor  interface  beard  (It  'S). 

4.  ti.  1  l  li-HIT  NoHMAl.I/.lil)  1  I  .<  >ATINC.  I’t  i|  NT  \\  (  ilil)  TliANSI  i;i; 

FH(A1  HADAH  T(  '  It  .S  IVI'liHDAO: 

Real-time  radar  operational  const’ amts  requirr  a!!  signal  processing  and  data 
transfers  be  completed  within  one  interp*  criod.  Data  transfer  rates  must  be 

high  to  insure  maximum  signal  proi  in  .  *.  I  he  radar  It  'S  interface  and  .  .  ,n- 

version  logic  realize  a  ln-bit  A1A  li  Worn  ansfer  in  approx  i  mat  e  I  v  0.'it)tis; 

120  us  is  needed  for  12-bit  MAD  full  word  transfer  (s  1  4  „s  t,.  trat.sfer  libs  MAD 
full  words,  =  . i4 1  *  u s  per  interpulse  period). 


I  I 


4.  ti.2  KAUAI!  MAP-dOO  loS  1  N  1  101;  I  At  I:  C  (  ,\ r |;<  I  AM) 
TIMIXCi  SK'iN'Al.S  (figure  !I,  Table  Id) 


The  array  pfui'i'ssnt'  0(>S  int  orl'are)  informs  tie  m  ini  that  'la-  !(  .S  - 

has  St  a  at  eil  via  signal  lOSK l  N .  1  ■  d  dlov  ing  act  i  vat  i.  n  •!'  I<  -Mil  \.  t  la-  It  .s  i  tit .  ■  ;  ;  , 

informs  the  radar  that  processing  is  i  . uiiplot r  and  1 1  ;* •  Ic  iS  is  w  a it  mg  !'■■:  data. 

PAl  SK  control  signal.  The  radar  responds  t . .  the  pr.  .e.-ss.  ■■  lata  r<  ■i]in>'  :  ■  d  h  e 
the  rilling  of  the  r;t<l;t r  miinl  issn  and  exponent  buffer  diseussod  in  Seet  r  n  l .  4 . 
When  the  mantissa  and  exponent  buffers  are  filled  ith  new  data,  'he  ra  la  r  i'l  a 
the  processor  that  data  is  ready  by  issuing  the  interfare  ia.nl:  1  sigu.ai  t  I  1,'1’AI  s| 
The  PATSK  signal  and  t  l.ltl’Al  Sfi  signals  insure  that  the  data  transfers  an 
synchronized  and  new  data  is  transferred.  PAl  Sli  is  active  until  r  leu  rod  b\  rale 
that  is,  the  array  processor  must  complete  all  processing  and  data  transfers  .till 
one  interpulse  period,  and  must  wait  until  radar  data  is  ready.  Ida  It  >S  then  i.  - 
quests  data,  utilizing  the  leading  edge  of  com  rol  signal  It  .SIX,  Data  input  i>-i;uest 
is  acknowledged  by  radar,  utilizing  control  signal  IuSAl'K,  and  the  daf  a  is  trans¬ 
ferred  (in  handshake  fashion)  on  the  trailing  edge  . .  f  U  iSIX.  A  total  .■*'  Idii  eomple 
nurd  transfers  takes  place  in  1  H  ps.  then  professing  is  mit  iat ed.  Three  <  out  r.  1 
1  i ties  u  ere  used  to  monitor  radar  data  integrity  and  insure  i  hat  the  M  A  1’  did  in 
drop  a  pulse  by  missing  a  data  matrix,  or  transfer  data  as  the  radar  data  buffer 
was  lie ing  updat ed. 
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1  lUim*  :U.  I \ r i r i ; » :  I(  >S  inttM’fiic*#1  <  Cnfrol  <irvi  Timm;*  Siun.ils.  <  -nlv  »h»  • 

*r.  fii  aril  >  .nit'-)  ;irul  timing  sitin.ils  aro  shown.  Artiv*-  siunnl  U-v*1s  sh..,*  :\ 
;  i  •  ■ »  u  r  ■  1 1  <  •  i  \  i  ■  *  *  *"  1 1  •  i  ■  t  int  «■  r  f;»  f  ■  *  ■ .  P.isilivi*  lot*ir  a  is  !’•  r  m  m;:  a. 


•4.  DATA  ST  ATI'S  INDICATOR 

Three  data  statu.-;  lines  are  provided  under  radar  control  to  indicate  data  integ¬ 
rity.  NIMHAD  Doppler  processing  requires  a  constant  time  lapse  from  data  group 
to  data  group;  therefore,  the  loss  of  one  pulse  data  group  during  a  coin-rent  process¬ 
ing  interval  is  intolerable.  If  the  array  processor  requires  more  than  one  inter¬ 
pulse  period  for  beam  formation  and  Doppler  filter  processing,  invalid  data  will  be 
transferred  into  the  MAI’.  Tin*  radar  is  tasked  with  monitoring  data  integrity  and 
reporting  data  slams  to  MAP.  Kadar  interface  logic  monitors  transfer  control 
signals  and  internal  timing  commands  to  determine  data  status.  If  the  I<  >S  requires 
more  than  ;V1'I  «.s  between  data  requests,  the  radar  hardware  writes  over  data  stored 
in  I  lie  radar  I  mlTe  r. 

\ew  radar  data  may  become  available  al  the  AIM  output  as  the  MAP  transfers 
data  under  it  .S  e.  nt  r<  I.  In  this  situation,  new  data  would  be  shift'd  m  the  mantissa 
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(i  1 ' v  ?!:« 


'JAP 


During  the  nmrsc  « ■  1  system  ;n  iii  ;i  l  i/at a  n, 

:t veragi tig  i»4  pulse  returns.  After  J-4  pulses  :i *  am  rag 
voltage  magnitude  Pom  channel  1  is  chosen  /rom  the  group  o'  l'«  i  ang< 
range  cell  containing  the  largest  collage  amplitude  is  the  range  1  '  H  « •» 
stationary  reflector  used  1'or  channel  2  through  it  normal  i/at  it  .n.  I'h< 
containing  tin*  reflector  is  first  d*  t .Tinint-tl,  and  U:«-n  tin*  eighi  .mple 
voltages  chosen  from  the  range  cell  containing  tin-  reflector  art  tram-! 
host  minicomputer. 

These  averaged  voltages  represent  a  planewave  pa  rail*  1  n.  tin*  .‘at 
<.jght.  -element  i-crtuvi’  array.  This  voltage  data  is  used  b\  C  SP-.O  so 
ealeulate  an  amplitude  and  phase  correction  factor.  'I  he  Soliv.are  cor 
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tors  are  normalized  to  channel  1  (that  is.  the  remaining  seven  ehannt  Is  at  - 

malized  in  phase  and  amplitude  to  channel  1).  once  the  (  SP-.JO  receives  rt»  .  :  :.d.'  - 
element  voltage  array,  1  he  CSP-dO  software  calculates  antenna  weight  rreit|..u 
factors  !U> final i zed  to  channel  1.  The  eight -element  receive  array  scattering 
matrix  and  the  average  voltage  array  transferred  to  the  host  by  the  AIAP  nr*  u-*  d 
to  determine  the  antenna  weight  correction  factors. 

CSP-d()  software  modifies  A. MU  and  WAMKAP  beam -torn .ing  <  oeffir wui  .-  • 
r, -fleet  svsiem  channel  gain  and  phase  variations,  and  then  transfers  da  •:.«  dified 
beam -form  ing  coefficients  and  the  Doppler  filter  coefficients  to  the  MAP  pn  ■«  ess-w. 
The  CSP-dO  function  during  mitial  i/at  ion  is  to  suppl>  the  MAP  with  roiTeCfi  h*:c"- 
•Mrmmg  coefficienfs  and  Doppler  oicffirir.'it.s  (Doppjer  coed  iri  •  -ni  s  arc  not 

■  It e red  during  initialization). 


(  SP  dO,M  vr  .TOO  Krai  TiitH'  Operation 

In  real-time  operation,  the  MAP-JOO  API  's  are  responsible  '  a-  AMU  ami 
N  P?v!ll.U>  beam-'ormai  ion  calculations.  Typically,  a  beam  -  h<  n  •  •  mg  «abi.laii 
■  •  a  Singh-  •  :iiig»  ■  cell  \,,u1d  involve  eight  r.m  p|e\  mull  inlieat  a  -ns  and  a  sum-  m.m 
•  ’  t >n 1  pi e\  nr.. duets  over  eight,  channels.  The  API  ’s  are  also  tasked  will.  Popni.-i 
idler  : : :  i  phnnent  ;tt  i<  >n.  Two  identical  Doppler  filters  are  i  » I  e  j  ■  i  e  n  i  •  d  w  id.m  ’!.« 
MAP:  "Me  filter  -s  f.  .r  \P.MIIAD  and  one  is  for  AAlTi  pro-rv-  mg.  To  m  ph  >  m 
;  •  i  ;.d  e  !■  1 1 .  -  r  .»v«  rone  range  cell  requires  pills.  n  Itlflis.  ■■  •  <m  :de\  : .  i :  j  1  i  I  »!!»■;.■  - 
tarns  and  a  i  im.ula’ive  sun.  for  a  single  range  <  .  11. 

I!  a  |<  >S  «  resnonsibje  Jr  •  I  '  :  .msl'er  o’’  .'•■eerve?  data  da  ".dm  mt<  MAP 

I'm  HIM  i  'ashed  ill.  d’.e  1  r ansl'e:  .  f  pr  -s  .-d  rid;,  r  ■!  -  m  MAP 


SI’-  1(1  ■ 

■  -  TV, 

■  .1  .M  \l’  ! 

d  -time  f'nriet  ions 

i  »!• !  lea 

.  -  till.--  I  .  -Ill  ■  -i 

.  A 1 .  \  1 

■1  ••  nil  M  >. 

!i;  UP  AM  Id  1  bee: 

a  ?  ! .  : 

1  i  :  ,  \  1  \!  I:  All  O  \ 

'  1  ■  !  1 

1  •l.il.i  i  i  ;.(■ 

’«  r  fr..e  the  rada 

•  ;  j  a  d  1 

1'"  'In’  I  S| '  - 
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C  SI’-.'iO  rea  1  ->  i:  ■  !(•  |  ■  ti  icrs.-jins'  fllttcl  ie  ills  Consist  i  if  1 1<-I  <  -e'l  i<  III  |H -1  .< a -SS  illL',  jll'-i 
,  -sse -i  I  data  record  inn,  and  driving  a  CUT  displav.  I  tide-  r  real  -time  -  ipe-rat  ini'  a, 
dil  ions,  tin'  CSI‘-:;0  siunal  proci-sse m  is  almost  exe  lusi voly  utilize-d  to  muni 
nroe-e-sscil  \IMI!  \l)  and  AMTI  voltaui'  niai'ni t ude-s,  and  data  hatch  status.  I’toe 
ussed  data  is  re  e-ordeel  to  e-artrifile  tape  IV  *  t 1  more  Sophist  mated  detent  ion  proc-es 
im>  at  a  later  I  inn-.  Detention  prore-ssinn  is  disc  tissed  in  detail  in  S<  c -t  ion  u.  2.  -1, 

a  .  1  M.eiiili-n.inii'  Software1 

Maintenance  software  consists  of  a  uroup  id'  pnittrams  desittned  to  aid  in 
receiver  hardware  t  roublesliool  iny  and  diai>nt  >sis.  Csinti  aera'.  pt-c  icessor  in 
conjunction  \\  i  t  it  the  iiost  minicomputer  awl  line  printer,  ha  nlw  an-  diaunosis  s.d't 
cc.’are  is  used  to  insure  that  the  eittlu -ehannel  reeeivef  IS  operational.  If  a  pruhh 
is  deteeled,  :  a  a  i  nt  enanee  Software  is  used  as  a  t  rouhleslioot  ini;  tool. 

MAI’  maintenance  software  Consists  of  st  raiqhtforw  ard  transfer  of  receive 
data  from  the  receiver  into  the  host  minicomputer.  MAI’-dOO  maintenance  soft  - 
a.  a  re  t  ransfers  one-  1 2  it  complex  w  ore!  array  of  radar  data  into  a  lde  irk  of  MAI’ 
mc-mi 'f>  .  then  the  HIM  I  rails IV rs  the  ent  i  re-  block  rff  unprocessed  data  inc  (  Si*-- 
'■iet:ior\ .  Dlirinu  systeia  maintenance,  tin-  .MAI’  serves  only  as  ..  receiver  data 
funtu-1.  No  tiutnerical  processing  rcspoiis  ibilit  ies  an  placed  on  tin-  MAI’  durinu 
the  maintenance  mode  of  operation. 

CSI’-dO  maintenance  software  consists  of  several  proL'rams.  (an-  prourar:; 
ent  it  led  M  I)S  (Minimum  I  )et  ec  I  aide  Siunal)  is  a.  rittc-n  to  run  .‘.il.lt  Hie  receive!  in  ; 
maintenance  ceitij'iunrat  ion.  The  fund  n  n  . this  software  is  tin  tieni-rat  ion  -'fan 
I  '<  i  t  ransfer  i  li;t  rail  e  list  ie  >oi-  each  receiver  ciianiiel.  Typically,  low  -pew  c-t  111 
<  \\  is  nt  pled  into  each  e-ha  lined  e  -f  t  he  HI'  front  end .  The  I ! !  i-ne  ruy  phase  a  nil 
p.  si,  e  r  h  •  vel  is  unde-  r  eolil  n  d  of  external  I  e  si  ha  rdw  a  ta  (phase  si  i  i  ft  er  and  w  .- ve  • 
Uttide  at  lemuat  of).  Data  is  i-olleetcd  "Vc  a  :  atiue  ef  input  power  leve-ls  from  :,pp 
i-aately  -lt»0  dlllll  *1.  -10  dllm.  At  tile  eotlelusion  «  >f  the-  test,  liullt  I  l  i  e  waves  a 
produced,  rela'ina  ri-ee  ivei  input  power  to  output  enwer  -r  voltace. 

A  see-.  ■;!•)  maintenance  tontine,  entitled  I’.ll  (  1 1 1  :<  li,  -.as  <.  ri'le-n  t..  uain  in¬ 
ula  I  n'  re-  ei  Vi  ■  r  ope  -  rat  ion  w  it  h  i  i-nst.anl  po".a  ■  r  input .  ( lew  ra lly  ,  tin-  re  •!■■■  i  ve  - 1 
input  ma\  in-  1(1  (  W  at  constant  phase-  ai.el  p..w  e  r.  or  noise.  Iivle-pcndent  sample 
a  taken  and  >  o- :  i  pi  h-d  • .  \  ■  r  an  extend'd  period  i.f  lime-,  and  h  t  st  mj  i  a  "  .  is  i  us.  - 
duel  -d  sh-'W  itiU  tin-  nui :  die  r  of  ohse  rvat  i  ■  if%i  as  a  futn-t  iotl  of  t  lu-  out  i  'lit  v  oil  a  L'e  a  a  l 
n  it  ude.  An  example-  of  'his  rout  i tie ■  op- ■  rat  ion  m  as 


I-  d low  s:  With  a.  ■  siuna  1  pre -si 


a.  I  \l‘  SollHarr 


llrpeal  itig  til.'  MAI’  a  it  I  lit  ci  t  ure  for  i;  -  m  Seel  i,  ■:  ..  4  1 :  u  - 1 .  ■' . ,  'it*  i  ■  ■ 
six  processors  within  tin1  A I A  P-MOO,  all  .  >  I'  w  I:  u  h  .  ate  ;s  ’  r  i  s  \  r  a  1.  .n.  -  us  1\  :  t  h.  •  h<  ■  - ' 

i  lUi'i'lhi'i'  module  (i  II  M )  !’.  it-  i'i  >t  ::t!iunii"it  i.  .it  het  w  r  •  'hr  (  s  |  ’-  III  !  i .  ■  ~  t  : :  .a  e  him  •  ai  i'l 

tla  MAP-MOO.  th.-  I  ()  si  roll  (h  iS)  h.r  unicat  tor.  . . s  Mu*  ra.l  o  ti.. 

MAP-dOU,  t)a-  central  signal  pi  ,  ii-i-ssint1  unit  (<  SI’l  )  no  . . .  .■ ’-seet  nr  1 1 . .  .  n’ i  ■  .  • 

anti  controlling  lie-  other  processors,  the  t  1  aril  in:  ■••!  tc  1 1 1  •  <  .-s.-itu  ia  .  ■  I’i  > 
whn'h.  run  in  parallel,  anr]  tlso  addresser  •  >  ta  -s  j  *  i  £>  s.  fo|!  (APS1  a.  I  t.  !  nr  ■.  m. 

st  re  a  ru  op  input  and  ,  .uttmt  a 'Id  fosses  lor  tin  API  .  Tie-  \  at  toils  at . s.  t  - 

loaded  will'  the  necessary  prograiMS.  slatted  |\  1 1 1 . ■  (  API  a'id  t|a"t  -’at'..'.  ■  •  - 

I  lofted  to  'he  (  Sin  In  tile  Setting  o''  lea-  I'm  '  •  I 

.  \p  1  v t t A i  ;/.A  h't  \ 

1  lie  system  atltiaii. tat  tun  lunct  loti  and  at,:  n,o'  i  1  n  i;.-  ,e  ■  :  is.  S<  .  •  ,  ■: .  .... 

>eet  ion  1,4.1  reviews  .M.-M’  pfinvs.-.-!'  '  \ ::  ••  ’ : .  •  .-  r 

e  ■’  . :  r: :  is  t  Nceut  c 

initially,  tile  host  stuna  Is  in.it  iait/ati.  n  t  •  •!.•  I..  \l‘--;t'f  .  a 

Cl  .fit  am  my  a  '  1.  ‘  l  he  l  SIM  .efi  is  a  a  1  J  -  .  rd  pi  a  i.  1  to"..  r\  or.  ...  •  :  j  ■  i.  :s  -  _ 

which  will  be  used  Per  unmet  ical  summa':  I'lte  ISPl  Ua-t  i  an.-  1<  >  :  PI.  .. 

radar-iu-.\IA  P  data  transfer  pr  gram,  load.-  Pa-  Aid  f.h  data  aviu  ,.jmw  - 
grant,  and  loads  the  APS  will,  the  ■  nvsti.  .tiding  ad  iressmg  prog  ram. 

l\>r  e4  times,  the  (.'SIM  turns  ■  at  the  it  ,S,  w  .r  t i,, ■  radar  :  •  t  ,m.- . ■  t  i.p. 

(!  he  ioS  prog  rat:,  turns  oiT  t  he  It  iS  at  l  la  •  aid  oi  the  p :  a  ns  it  t  t.  turns  tin  A  I  *s 

v.htc-h  in  turn  starts  the  AIM  ,  and  waits  :..i  .m  API  d.  a.  fi..g  t  .  i.e  s,  ; .  I 

operation  divides  each  data  element  b\  -ri,  and  sums  tiiem  am  !  ouisi  .  I  - 
complex  vltage  averaging  process  takes:  i.lace  wun  ll.e  rauar  a  no  led.  e!  - 

i.loliarv,  Idle  reflector  signal  is  I  arm  whet.  .  .  ■  nr  ■  ■  :  I  .  tj,c  signals  ■ 

rema  in  mg  1  a  rang"  cells.  I  he  phase  and  am  pi  it  lai"  op  the  stationary  'am  :  .  .  •urr. 
s  t  grta  1  a  re  a  veraged  tor  '.4  mil  se.s.  I  lie  rn  .  i  v  r  .  n.mtt'  ■  I  s  -  re  t , ,  ! >.  ■  ;  ■  .  ■ 

gain  and  pliase  I ■  ’  channel  1.  ibis  tivi  rap  t.hnse  md  ampittii'h  dad-  ■■  ,  .. 

tl.e  basis  I  or  ri  eej  fi  ■  r  elia.'ftei  u..rm.ih:'.  It 

\"Xt  ,  t  lie  l  S  PI  loads  I  he  A  1  >1  \  1 1  i .  a  Vi  -  I  t  o  "  -!  •  . . :  emt  tide  |  a  .  o  r  t ..  I  •  i  .  ■  t  ’ 

w  i '  ii  t  he  pre  >pe  r  add  l  ess  i  tig  prog  ram .  I  la  \  I  s  ■  s  i  u  t  ■  a  . !  a  ■  I  t .  i  s'  o  ■  •  ,  .  i  ■ 

Ida  ('SPI  waits  !-  .  t-  the  API  d  'l'  'lag'  lie  .  !,  at  w  i :  1  "! .  !  !  ■■  ,  8  '  1;.  e.  :■  .  : 

d  b  -hit  veet  or  maun  it  tides  •>!  Mem.,  is  |li:s-b  trot::  -  i.  \  b,  a'  mr  J  •  1  lb 

d  lie  1 1 ,  Veil  o.t  magnitudes  a  I'I  .pileuiati  d  1  r-.ti  til"  averagi  .m  nlr--;  \  p  ■■■■ 

leet  ed  ove  r  t  hi  range  ri  ■  1  Is  ol  eh  a  tine!  1 .  Idle  Pol  h  ■"  mr  \ ;  A  !  ’  1 .  i  -o.  '  I' t  ■  i  ■  i 

range  eel  1  "A  Hi.  :  I . ■  ■  !  o  rgesi  o  1 1  ,  g .  r  ■ : a  a : 1 1 1  n r | e .  ami  dee  i  a  .-  1 1 ; : :  am'.  ,  .  i .  •  •  - 

l .  i !  n  i  ia  ■  s'  at  jopa  i".  m  i’  t  a  ! : /  1 1  t  ■  "  t  a  t  a ■  t  . 


I 


The  t 'SIM  leads  the  API  will)  a  program  t < <  determine  which  range  hin  .  T  tin 
radar  data  contains  the  greatest  magnitude,  ami  next  I'  ads  '!:■  APS  .'.it!:  the  address¬ 
ing  program.  The  APS  is  slatted  and  tlx-  (  SIM  waits  In;  d.e  API  dog.  liar  in¬ 
set  (it  was  necessary  t..  introduce  additional  timing  delay  to  allow  lira  f.,r  the 
result  to  he  placed  iu  memory). 

1'he  (  SIM  loads  the  |I!M  w  ith  a  program  to  transl'c:  eight  1  and  ()  voltages  to 
the  C'SP-30  host.  The  host  uses  this  average  voltage  data  to  normalize  the  gam 
and  phase  oi’  channels  2  through  it  to  channel  1.  A  nn  iplex  iiornrdi/at  ion  l;a  o.i 
is  raleulated  in  the  host  by  using  I  lie  eight -element  receiver  array  scattering 
matrix  and  the  average  voltage  array  transferred  from  the  MAP.  The  normaliza¬ 
tion  fac  tors  are  used  to  modify  the  AAITI  and  M'MKAI)  be  a;;. -forming  c  .,c  ifiru  nt.- 
resident  in  (  SP-30  core  memory. 

The  (  SIM  loads  the  11IM  with  a  program  to  transfer  the  modified  \l  \lliAI) 
beam-forming  coefficients,  or  antenna  weights  (eight  complex  tai  lors),  the  mod¬ 
ified  AMTI  ant  enna  \\  eights  (<dght  complex  factors),  the  \1  UKAI)  filter  . . Ifumw's 

(tin  complex  factors),  and  the  AAITI  filler  coefficients  ('-  >  complex  motors)  l  m, 
the  host  to  the  MAP.  The  (  SIM  waits  for  a  host  road\  flag  to  ho  set  to  allow  tin 
host  mac  hine  to  compute  these  quantities  and  place  thorn  in  'he  eort  eel  host  me:  - 
up  area.  When  the  (ASIM  senses  that  the  host  is  ready,  it  starts  the  HIM  pro.  - 
essor,  and  the  antenna  weights  are  placed  in  identical  a  ontory  areas  on  MAP 
Memory  Hus -2  and  Hus *3.  The  filler  coefficients  arc  placed  on  MAP  Memory 
ltus-1.  After  the  data  has  been  transferred  to  the  MAP,  the  (  SIM  loads  the  mm.  - 
ressors  for  real-time  processing  and  then  waits  for  another  h..st  ready  signal  bo- 
fore  proceeding.  This  completes  system  initialization. 

c.4.3  map  hi:ai.- riMi:  piu .cpssiv; 

Assuming  that  the  MAP  has  performed  system  iniMa  I  i  zat  ■.  r  "M  :s  •  ait  ng  '  ■: 

t  he  ia.st ,  al  1  t  hat  is  neceSsa  r\  I .  begin  rea  i  -  t  t  m  i  ■  pn  e.  -s  mg  ;  -  f .  ■  ■ !,,  i ..  it.  ■  a  ■  • 

the  host  ready  flag,  (  .tire  n al-iiri  proc  e  ssing  ii.as  begun,  iho  1  ....si  .  a-  ;■,!■.  :  .r 

the  MAI’  w  ith  an  It)  reset ,  lice rw  ; so  t  ile  MAP  runs  mde fi  • •  P .  I  \  ,  -  \  >  ,  j  •  ;  . ,  .. !  :  ■. 

till'  a  va  i  I  alii  1 1 '  y  of  radar  data. 

t  |M lie  M  A  P  lire.-  1m  c  n  ifp It  o.  1  hv  a n  I  (  rose  t  I ;  . . : .  ■  he  ■  !  :  .m .  ! ng  a  i  .  ..  ...  . 

dc  il,  it i  mmc  1 1  y  is  il.  .1  ■  1  ist  u  rhe-d  .md  I  oa  I  -!  i . '  o  ;  ,r  ..  .  i ’ : a  .  .  ■ .  !  .  .•  i  ;  ■ 

h.a '  ing  I  o  g. .  ’  h  rough  sy  si .  m  mitializaMon  t .  \  s< aiding  tia  HAP  •  a  . 

mg  a  nit**  b*r  g  n-at*-.  'l;;m 

4  !  .>  AIM  :  mog  ■  a  i  r.  mr. :  1 1 1  .i  oi  gilt  ...  nl  ox  a.  .  .  :  c  r  *  ■..■  I  •.. ...  i  *. 

rang*  bin  1  b  v  '  lir*  \  I  Ml;  ,\ I )  mi  oi,n  .  '  •  ;  r! eg.)  -to:  ■■  .  i  -  i 

'  a  .tl'  n! ...  !  T.o  .  .  I  pbx  n  Ml  It  mil  1 1 V  i .  ■  i,  1 :  : :  1 1  *  ■■■ !  1 •  i  •  n  ■*  ;*, 

•  .  on'  c  :  .  r  •  I  .at  mi  |  ..|  ,  -Mr  .  J  : . ,  u  a  am  fe  .  .  ,t . ,  n  .  : :  1  a  i  ■  -  1 


a.  liadar  data  became  available  duritu;  1(  )S  reail  (data  the  I c  /S  read  was 
invalid  because  as  the  It  )S  read  data  from  tin-  radar  data  buffer,  the  radai  data 
buffer  was  bemi;  written  ever  with  new  data). 

b.  t  he  1(  )S  was  running  a  lew  microseconds  behind  the  radar  (in  tin.-,  <-asi 
uni'  pulse  ef  radar  data  was  dropped). 

e.  Kadar  data  becomes  available  while  tin-  MAI*  was  pta  .cens  me  and  bet.-in 
the  It  iS  started  running  (at  least  otte  pulse  of  radar  data  was  dropped). 

If  it"  data  status  error  or  combination  ot  errors  occurred  dm  -  i  no  tin  (  I’l,  tin  t 

i  s  sa  id  t  o  be  va  1  id.  l-'or  the  pu  rpose  t*i:  delimt  n  n,  tin  (  I  ’I  ■  ait  put  i  .  ■; . .  h;  in  •  - !  w  r  I 

the  status  word  is  referred  to  as  a  batch.. 

In  order  for  iUA  1>  pi  oressmu  1  o  beep  up  w  tt  h  t  he  r  sda  ■  data,  :t  w  a  -  :,e.v-- 
lo  emtdov  a  double  buffering  input  scheme  and  to  have  a  \s  r\  . -ip,  n  -nt  A  I’l  m  - 
Drain.  Some  of  the  specific  features  which  were  . . .  1 1 .  : 

a  I  die  It  iS  is  turned  on  and  t  lie  radar  data,  win -  p  :  ,  is  t  rati.d'.-t  ;e.| 


In  Idle  dl’l  -APS  n 


As  "oil  as  ’he  dal  a  has  In  on  I  ■  at  infer ;  ,  d.  1 1  a  •  It  s  Ml  :!  -  ■  ! 1  ff  a  ']• :  1 1 

t  SI  ’1  »ei.-  ii  fliiL'  lo  In  i'-ik  tin-  AIM  out  o !  a idl  the  I ,  .op  t ,  :  n  ,  .  •  >  -  t 1  a’  ■  I  ai  a  . 

ti.  Ida  It  :  S  is  switched  lo  Memory  lius-Lund  .-n.ibb  i.  a  a  it  me  f.  t  tin  ncV 

ou  Is  e  of  da’  a  which  will  «•<  ur  before  the  AIM  baa  :  mi.-b.e-:  pin  'asm.  1 .  u :  — :  t  da 

<  .  A  ft  e r  the  tlai . i  has  been  t  rattsf <  r red  to  M cm  r\  I  lu ~  -  L  a nd  tin  ! t  i,s  turn.' 

tin  (  SIM  sets  a  flag  to  sw  itch  I  In-  A  IM  p-man-es:  Mus-L’  data.  I1  da  Aid  !.:,s 

fmished  Hus-.-t  Mala,  it  continues  to  process  Hus-d  data  until  it  d  <  'n.i.-d;.  a’ 

which  time  it  iisfltirdinteh  berms  to  process  Hus-L*  data.  It  'In  AIM  I. a-,  lop  da 
I  !n.s  -  ;  fiat  -a  be  'ore  Hus-L’  data  is  -each,  it  sets  m  an  id  I  me  I  o  ■ .  .  ■  d  mr  •  :■  -|  . 

I'lae  t  sw  P  i  b  P  lo  Hus  -  L  data.  I  In  -  l(  is  i  s  .  ea  d  ted  a  -t .  -  set ' :  u.-  t ; ; .  -MM  j  in  ■  -L 

to  t  r  ansler  r  ad.'t-  dal  -  'o  ltus-d.  |he  CS|>|  a:i  AIM  flat*  t.  .a  air.  M  a- 

.AIM  1 1 .  i  s  ;  ml. shed  with  t  lie  dat  a  nt  a  pa  rt  ieula  r  ■  cm  ■  ■  r\  I  la  a  •  .  ,  1 ,  ■.  m  r  '  In 
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flag  was  cleared  by  the  APT  before  turning  off)  to  process  another  tin  pulse 


radar  data. 


3.4.3  MAP  S(  Il'TWAHK  TEST  MO  UK 

if  the  host  sends  the  MAP  a  mode  word  less  than  zero,  the  t'SPl  executes  a 
test  program  that  does  everything  the  real-time  program  does  except  tor  the  radar- 
to-MAP  data  transfers.  The  MAI3  Bus-2  and  Bus-3  memory  locations  used  for 
radar  data  are  filled  instead  with  simulated  test  data  from  the  host  machine.  1  he 
MAP  performs  all  calculations  on  this  test  data.  The  MAP  is  now  synchronized  by 
the  data  r  lining  from  the  host  machine  and  will  run  at  a  much  slower  rate. 

The  host  machine  is  tasked  with  simulating  the  radar  data  matrix  and  trans¬ 
ferring  the  test  data  to  the  MAI3  for  beam  formation  and  filter  processing,  in  the 
Software  Test  Operating  Modi',  the  MAP  looks  to  the  host  for  radar  data,  indepen¬ 
dent  of  the  operational  status  of  the  radar.  The  simulated  test  data  is  generated 
based  on  simple  target  and  clutter  models.  The  host  calculates  a  new  test  matrix 
on  a  simulated  pulse-to-pulse  basis.  The  host  first  calculates  a  test  matrix,  then 
transfers  the  simulated  data  into  the  MAP.  As  the  MAP  is  processing  simulated 
test  data,  the  host  also  processes  the  simulati  d  test  data  in  a  fashion  identical  to 
the  MAP.  When  the  host  has  completed  processing  of  the  test  data,  the  .MAP  trans¬ 
fers  processed  results  hack  to  the  host.  The  host  then  compares  both  sets  of 
results  and  reports  any  significant  errors  to  the  operator.  The  next  sequential 
simulated  data  pulse  is  calculated  hy  the  host  and  transferred  to  the  MAP,  and  the 
test  process  repeats  until  halted  by  the  operator. 

The  Soft  w  a  re  Test  Mode  of  ( iperat  ion  allows  a  check  of  tin  digital  processing 
software  and  hardware  independent  of  the  operational  status  of  llu-  radar. 

a.a  M  Double  Itiiffered  Input 

In  a  rigorous  real-time  radar  operation,  the  time  required  t.  Irattsfer  the 
radar  data  plus  the  time  required  to  process  the  data  must  he  less  Ilian  ■  lie  inter- 
pulse  period.  Tins  constraint  mn\  be  loosened  somewhat  h\  implement  mg  a  detibh 
buffer  input  scheme. 

liadar  data  is  double  buffered  at  the  input  .f  tin  MAP-300.  Double  bulb  ring 
allows  additional  time  for  processing  dur  ing  the  radar  mterimlse  period.  As  v’M 
bo  shown,  double  buffering  allows  Ua-  on"  o-..-mg  time  to  extend  (hr.  ugti  Ma  data 
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input  sc  hen i* ■  ni'i >vides  tin*  add  it  ion  a  l  time  necessary  t *  *  complete  i tit t  rpul.-i ■  pi  * 
easing  for  >;  >  pulses,  while  not  dropping  pulses  due  to  API  exei-nt.  a  - j ■ .  •  < !  Il¬ 
lations. 

To  quantitatively  determine  tin*  additional  available  processing  time  due  '< 
double  buffering  the  input  data,  refer  to  figure  .14.  The  time  available  for  re: 
time  processing  (p)  without  double  buffering  equals  the  tnlerpul.se  period  (!l’l‘) 
minus  the  time  required  to  transfer  one  pulse  of  radar  data  (T),  -r 

p <  IPP-T  . 

Tile  additional  processing  time  per  pulse  due  to  tile  double  but'!'  ring  input  -  la- 
may  he  found  by  the  use  of  figure  .44.  from  the  double  buffered  input  t;  n  .- 
gram  in  figure  44 

lmi ’P  r  '  w  p  •  h  . 
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P  Iff  •  I 
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Figure  Si*.  Rise  Plate  Shocks 
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(i.  1.3  i  :\M.\NC  1:1)  HA  DA  R  TARGFTS 

t>.  1.3.  1  Pickup  '  t  orncr  Hoflcctor  C  ombination  Target 

The  enhanced  radar  target  utilized  ill  moving  target  experiments  described  in 
Section  fi.  2.  4  consisted  of  a  large  corner  reflector  mounted  on  the  passenger  side 
of  a  six-passenger  pickup  (see  f  igure  42).  The  corner  reflector  is  depicted  in 
Figure  43.  A  technician  riding  in  the  radar  target  vehicle  insured  that  the  target 
vehicle  was  positioned  broadside  to  the  radar  van  as  the  two  vehicles  traverse 
taxiways  "Raytheon”  and  "Whiskey"  shown  in  Figure  48.  This  was  accomplished  bv 
the  use  of  a  Foresight  mounted  adjacent  to  the  large  target  corner  reflector.  A 
spotlight  mounted  above  the  radar  van  receive  array  served  as  an  optical  alignment 
aid  for  use  with  the  Foresight. 

fi.  1.3.2  Fiat  Plate  Reflector 

The  12-in.  (.30.  a-em)  square  flat  metal  plate  shown  in  Figure  44  was  tripod 
mounted  and  used  for  system  initialization.  An  optical  alignment  procedure  insured 
broadside  flat  plate  positioning.  A  light  source  held  adjacent  to  the  rifle  scope  seen 
in  Figure  44  was  used  to  insure  broadside  flat  plate  alignment  relative  to  the  receive 
array  face.  The  experimental  layout  for  system  initialization  is  similar  to  that 
shown  in  Figure  43.  Approximately  203  ft  (80.3  m)  from  the  radar  van,  a  series 
of  metal  plates  canted  skyward  were  dispersed  to  break  up  the  specular  multi¬ 
path  component.  Figure  4.3  shows  the  flat  plate  4:30  ft  (137  m)  away  from  the  radar 
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Figure  43.  Corner  Reflector 


van  used  as  a  target  for  two-way  antenna  pattern  measurements  or  for  system 
initialization.  Typically,  the  flat  plate  or  corner  reflector  (Section  6.  1.  3.  1)  would  be 
used  as  a  stationary  target  for  antenna  pattern  measurements  or  system  initializa¬ 
tion.  Due  to  the  fact  that  the  corner  reflector  provided  a  substantially  larger  radar 
cross  section  over  a  broader  beamwidth,  the  corner  reflector  was  used  as  a  target 
most  often. 

6.2  Field  Tests 

NF'MRAD  (AMTI}  field  testing  was  divided  into  four  separate  phases.  Phase  1 
of  field  testing  yielded  two-way  antenna  patterns  for  the  experimental  radar  system. 
Phase  2  consisted  of  experimentally  verifying  Doppler  filter  performance.  A 
Doppler  filter  transfer  characteristic  was  obtained  with  the  radar  position  held 
constant  measuring  radar  performance  for  converging  and  diverging  targets  tra¬ 
versing  the  radar  main  beam.  In  phase  3.  target  detection  theshold  voltages  were 
determined.  After  target  detection  thresholds  were  established,  phase  4  involved 
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moving  target  data  collection  in  an  effort  to  establish  the  probability  <>1  detection 
(P^)  for  NFMrtAl)  processing  and  conventional  AMT1  professing. 

The  discussion  that  follows  will  clarify  the  experimental  details  involved  with 
generation  of  the  data  described  above.  Conditions  in  which  the  experimental 
antenna  patterns,  filter  characteristics,  target  thresholds,  and  P,  curves  were 
obtained  will  bo  discussed. 

■..2.1  MFASl  RK1UK.VJ  t  d  TWt  -WAN  A \T  1  \\A  PATTF.KNS 

i  i  .  i  .  v.  a’  :il  , !  ■.  •  ..  .  th<-  generation  of  the  antenna  patterns 

siio..  ■  .  . 

Several  .or.  •.•.  .  ■  .  •  ■ .  i,  .a-iiie'-  etit  1  or  I  in  i  i  |ia  'S  .vere  tried  before  a  final 

scheme  was  adopted  for  antenn  pattern  general  toil.  Initially,  with  the  radar  van 
stationary,  a  flat  plate  reflector  was  moved  in  azimuth  at  constant  range.  Pattern 
data  was  accumulated  and  stored  on  tape.  Typically,  the  target  was  moved  21’  in 
azimuth,  realigned  optically  with  respect  to  the  radar  van  receive  array,  and 
pattern  data  was  recorded  on  tape.  The  cycle  would  repeat  from  O1  to  1 80 '  hearing 
angle.  An  antenna  pattern  measurement  consumed  4  hours:  therefore,  the  measure 
ment  scheme  was  modified.  The  modified  measurement  scheme  involved  moving 
the  receive  array  with  respect  to  a  stationary  passive  flat  plate  or  corner  reflector. 

The  modified  scheme  involved  displacing  the  radar  van  in  a/imuth  and  holding 
the  reflector  stationary,  f  igures  45  and  4 »>  depict  the  experimental  layout  utilized 
when  transmit ''receive  patterns  w  ere  measured.  The  van  and  receive  array  would 
advance  2°  in  azimuth  and  stop,  pattern  data  was  recorded  on  magnetic  tape,  tin- 
truck  would  then  he  positioned  forward  2°,  and  the  cycle  repeated.  This  modified 
antenna  pattern  measurement  scheme  was  not  without  drawbacks,  however. 


height  would  stay  constant;  however,  as  the  truck  advanced  through  arc,  the  rela¬ 
tive  height  and  tilt  of  the  antenna  array  face  with  respect  to  the  stationary  reflector 
surface  would  vary  slightly.  The  reflector  illumination  would  vary  due  to  multipath 
lobes  formed  in  the  beam;  therefore,  the  pattern  measured  would  typically  be  a 
composite  of  an  antenna  pattern  generated  primarily  by  radar  azimuthal  position 
but  modulated  by  radar  vertical  displacement.  The  passive  reflector  was  located 
at  a  range  of  approximately  450  ft  (137  m).  The  van  was  driven  in  a  tight  turning  arc. 
The  radar  van  was  displaced  radially  approximately  10  ft  (3  m)  from  the  reflector 
as  data  was  collected  over  azimuth  bearing  angles  of  44°  through  13  (>°.  The  receive 
array  displacement  parallel  to  the  reflector  was  approximately  ±17  ft  (±5.2  m) 
referenced  to  broadside  of  the  reflector.  Every  8°  of  arc,  the  flat  plate  was 
optically  aligned  and  the  multipath  reflector  wall  repositioned.  Flat  plate  height 
relative  to  the  ground  was  4.5  ft  (1.37  m).  Height  of  the  receive/transmit  antenna 
array  was  8.  5  ft  (2.  57  m).  (When  using  the  corner  reflector  shown  in  Figure  43 
for  making  pattern  measurements,  it  was  not  necessary  to  adjust  reflector  position 
as  the  radar  van  advaced  through  arc.  The  reflected  power  variation  due  to  the 
van  displacement  was  less  than  1  dll.)  The  illuminated  multipath  patch  of  earth 
was  masked  as  seen  in  Figure  45.  The  earth  surface  between  the  radar  van  and 
target  was  not  perfectly  flat,  which  presented  a  problem  when  trying  to  accurately 
ascertain  the  ground  patch  significantly  contributing  to  multipath  interference.  A 
shotgun  approach  was  adopted  and  a  large  ground  patch  was  masked,  using  long 
metal  reflectors  canted  skyward  and  X-band  absorber  material. 

Single-element  patterns  were  measured  for  each  of  the  eight -receiver  channels. 
Two-way  patterns,  measured  as  described  above,  were  obtained  by  uniformly 
weighting  each  receive  channel  and  summing  over  the  eight -element  array  to  form 
one  composite  pattern  (hereafter  referred  to  as  the  AMT!  pattern).  Finally,  each 
receive  channel  was  weighted  to  form  the  NFMKA1)  pattern.  Theoretical  and 
experimental  patterns  are  presented  in  Sections  7.  1  and  7.2.  Patterns  previously 
discussed  in  Section  ti.  2.  1  are  referenced  in  Chapter  7  as  AMT1  and  M'MUAD. 

Typically,  antenna  patterns  were  measured  using  common  real-time  operating 
software  with  modified  antenna  weights  and  Doppler  filter  coefficients.  For  exam¬ 
ple,  to  measure  an  antenna  pattern  for  channel  1,  the  follow  ing  software  modifica¬ 
tions  are  required.  Channel  1  antenna  weight  is  set  to  1+jO;  weights  for  channels  2 
through  ti  are  set  to  O  jO.  Doppler  filter  coefficients  are  modified  to  form  a  dr 
pass  filter,  or  all  85  filter  coefficients  are  uniformly  weighted  to  1.85+jO.  The 
resulting  software  zeros  channels  2  through  8  receiver  data  and  sums  the  weighted 
receiver  data  over  all  eight  channels.  After  85  pulses,  an  average  channel  1 
receiver  output  is  generated  for  use  as  data  in  channel  1  single-element  antenna 
pattern. 
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Similarly,  to  generate  an  AMTI  antenna  pattern,  antenna  weights  in  each 
channel  are  set  to  1  8*;0.  Doppler  filter  coefficients  are  uniformly  weighted  to 
form  a  do  pass  filter  just  as  in  the  single-element  pattern. 

One  additional  concern  is  the  requirement  for  the  eight -receiver  channel  I  o 
characteristics  to  appear  uniform  in  phase  and  amplitude  from  channel  to  channel; 
all  phase  path  lengths  and  gains  must  be  uniform  channel  to  channel.  In  practice, 
this  constraint  is  not  realized;  therefore,  the  receiver  channels  are  normalized  in 
to  insure  channel  uniformity  before  each  series  of  measurements.  The  channel 
weight  correction  is  a  software  normalization  of  channels  2  through  ti  to  channel  1. 
Before  data  is  collected  for  processing,  a  channel  normalization  takes  place  within 
the  software.  Specifically,  tin'  gain  and  phase  of  all  receiver  channels  are  normal 
ized  to  channel  1.  .A  correction  factor  for  each  channel  is  calculated  based  on 
receiver  response  to  an  incident  planew  ave  parallel  to  the  eight -element  array 
aperture.  The  correction  factor  assures  channel  to  channel  uniformity  by  modify¬ 
ing  each  channel  weight  approximately,  and  assumes  linear  time  invariant  receive! 
operation.  Before  radar  data  is  collected  for  processing,  the  channel  normaliza¬ 
tion  procedure  is  performed. 

.A  flat  plate  or  corner  rrflcetor  is  used  as  the  signal  source  in  the  normaliza¬ 
tion  procedure.  A  reflector  is  set  normal  to  the  receiver  arrav  and  aligned 
optically.  A  multipath  wall  is  constructed  over  an  appropriate  ground  patch.  Data 
is  accumulated  to  determine  gain  and  phase  differences  of  each  channel,  and  then 
the  channels  are  normalized  to  channel  1.  Antenna  weights  arc  modified  bv  the 
appropriate  correction  factors,  and  the  normalization  procedure  is  complete. 

To  calculate  an  antenna  patter,  generally  several  (a  to  la)  records  of  data 
were  obtained  per  azimuth  bearing  angle.  For  the  purpose  of  system  term  defini¬ 
tion,  one  record  consists  of  HO  data  b;  tehes.  tine  data  batch  is  output  following  the 
processing  of  tia  received  pulses  over  w  hich  the  coherent  processing  interval 
extends.  Kvery  data  batch  contains  processed  data  resulting  from  two  radar  proc¬ 
essing  techniques  operating  on  a  common  radar  data  base.  In  the  case  of  normal 
real-time  radar  operation,  NFIUHAI)  and  AM  I  I  processing  would  be  implemented; 
consequently,  the  batch  output  would  consist  of  M'MK.AD  and  AM  11  processed  data, 
in  addition  It'  processed  output  data,  the  data  batch  also  contains  a  batch  statu.- 
work  indicator.  This  status  word  is  an  indication  of  data  validitv  (that  is.  did  the 
MAP  processing  stay  ahead  of  the  radar  or  was  data  lost  over  tin-  w.-milse  roller,  a 
processing  interval  °).  If  a  data  pulse  was  dropped  or  u  ritten  over,  or  i  f  the  MAD 
ran  "barely  behind"  the  radar  during  the  coherent  processing  interval,  the  status 
word  indicates  the  integrity  of  each  processing  interval.  Kverv  data  batch  is 
written  to  eartrifile  tape  in  groups  of  HO.  Sixtv  hatches  make  up  a  record.  In 
normal  radar  operation,  one  data  batch  consists  of  In  NFMHAI)  range  Din  words 
(one  voltage  magnitude  per-  range  bin.  no  phase  information)  followed  bv  !•;  .AM  I  I 
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I'ifjui'*'  48.  Field  Site  Fsed  to  Determine  \F1V1KAD  (AMTI  |  Thresiuld  Voltages 
and  N’FMKAD  ( AM  11  1  Inc  urves  (Top  View) 


■  mlv  1 1'  Hit'  radar  van  had  renehed  v  before  passinu  the  transmit  t  or  tower  shown  in 

(  » 

Figure  48.  Ty  pi  rally,  10  rrrords  weir  arrunuilat  r<l  |kt  |aSs  cli  »\v  11  taxiway  Whiske; 

The  pass  length  extended  For  101.)  Ft  (8 OF'.  4  m)  and  took  approximately  22  s.  Due 

to  thr  roughness  of  thr  taxiway  runway  i  tit  rrsoci  ion,  data  eotlertion  was  t  rrni  iuated 

before  the  intr  rseet  ion.  Thr  effort  to  obtain  data  starting  position  repeatability  was 

drivrn  by  tlic  n<*rd  to  havr  data  from  pass  to  pass  rrlatrd  on  a  bateh-to-batch, 

reeord-to-reeord  basis  (that  is,  batch  l,  record  1,  of  pass  1  was  measured  over* 

looking  thr  same  terrain  as  batch  1,  record  1  of  pass  2).  This  constraint  was 

imposed  by  the  analysis  method  employed  when  calculating  target  thresholds  and 

P  .  curves, 
d 

Samples  were  gathered  in  an  effort  to  obtain  a  data  base  with  sufficient  informa 
t  ion  to  insure  false  alarm  rates  as  low  as  1  in  24  K.  Approximately  2.4  V  10-) 
sample's  were  eolleeted  for  the  threshold  data  base'. 


Three  separate  analyses  for  determining  target  thresholds  were  implemented. 

Karh  scheme  utilized  a  common  data  base  for  threshold  calc  illation.  The  receiver 

detection  threshold  voltage  is  chosen  to  achieve  the  desired  false  alarm  probability, 

P  .  The  false  alarm  probability  of  method  1  and  method  2  may  vary  as  the 
ta  • 

receiver  gain  and  noise  level  drift;  however,  for  analysis,  the  system  was  assumed 
time  invariant.  Method  'i  utilizes  a  constant  false  alarm  ride  (CT-'AH)  average; 
therefore,  uniform  drift  in  receiver  gain  and  noise  levels  are  of  little  consequence 
to  the  detection  process  (drift  does  affect  system  performance  by  causing  channels 
to  not  be  uniform). 

Method  1  involved  compiling,  sorting,  and  tabulating  range  bin  voltage  data, 
and  forming  a  histogram.  Histograms  were  necessary  for  AMTI  and  NFMHAD 
data;  therefore,  two  separate  histograms  were  formed  and  separate  thresholds 
were  obtained.  All  range  bins  were  lumped  into  one  common  data  group,  yielding 
a  histogram  containing  Id-  K-It-  P  samples  where  I!  total  number  of  records  per 
pass,  II  total  number  of  batches  per  record,  and  P  total  number  of  data  collec¬ 
tion  passes.  There  are  f * ■  10  NFMHAD  (AMTI  |  voltage  magnitudes  contained  w  ithin 
one  record  after  lumping  every  NFMHAD  (AMTI)  range  sample  together.  A  sin¬ 
gle  pass  down  taxiwav  Whiskey  yields  0000  NFMHAD  (AMTI)  voltage  samples, 
assuming  10  valid  records.  To  achieve  false  alarm  rates  of  1  in  10  ',  1050  data 
collection  passes  are  required.  Clearly,  so  many  Whiskey  data  runs  is  outside 
practical  limits.  A  total  of  105  passes  arc  required  to  obtain  sufficient  data  to 
insure  false  alarm  rates  of  1  in  10°.  This  figure  was  determined  to  be  beyond 
tolerable  hardware  limits:  therefore,  in  the  inter  est  of  all  concerned,  2 5  passes 
were  run  to  develop  the  voltage  threshold  data  base.  240  K  samples  wore  collected, 
yielding  a  false  alarm  rate  of  1  in  24  K.  The  data  contained  within  this  data  base 
is  filtered  radar  data;  each  batch  represents  one  coherent  processing  inter  val. 

One  might  argue  that  since  each  voltage  magnitude  represents  a  weighted  summa¬ 
tion  of  t>5  voltages,  the  false  alarm  rate  should  he  1  in  1.  5i>  \  l(lh  instead  T  1  in 
24  K. 

Target  thresholds  are  determined  for  Nl-'MHAD  (AMTI)  by  selecting  voltages 
with  magnitudes  sufficiently  large  to  realize  the  desired  false  alarm  rate.  Since 
no  target  is  pr  esent,  any  voltage  above  the  threshold  voltage  chosen  should  he  con¬ 
sidered  a  false  alarm.  Tvpieallv,  NFMHAD  (AMTI)  voltage  thresholds, 

Nl’MHAD  AMTI 

V,  (P,.  )  (V.  (P,  )),  are  specified  given  a  probability  of  false  alarm  P.  ;  for 

example,  a  NFMHAD  false  alarm  rate  of  1  in  10  yields  a  threshold  voltagi  written 

NFMHAD 
as  V(  <10-fl). 

'The  second  method  implemented  for  threshold  selection  ts  a  modified  version 
of  the  first.  Data  is  grouped  on  a  range  bin  basis,  forming  10  histogr  ams  for 
NFMHAD  and  lit  histograms  for  AM  TI.  Sixteen  threshold  voltages  are  chosen  for 

100 


NKMRAI)  jAMTI  }  detect  ion  processing.  resulting  in  one  threshold  voltage  per 
range  bin.  The  threshold  selection  scheme  is  similar  to  that  described  earlier. 
The  significant  difference  in  this  scheme  is  the  reduction  is  i.  lative  size  of  avail¬ 
able  threshold  data  bast'.  The  gain  of  method  11  is  a  spatially  localized  threshold 
level.  Thresholds  derived  from  method  2  are  referenced  using  a  s  index,  for 
example,  range  bin  2.  N  KM  HAD  probability  of  false  alar:.,,  R.  Id  ,  may  he 


w  ritten  as 


M  AI  HAD 


MM  HAD 


V,(kl  (,'m>  V.(J> 

Met  hot!  :{  employs  a  forrt  of  C  '1-All  average,  lot  a  given  \l  MKAI)  (AM  I  i  I 
dal,,  batch,  Id  samples  are  averaged  and  multiplied  by  a  constant  <,  w 
I o 1  1  f .  respiting  > n  a  batch  der-ndent  thresliold 

\n:i;.M)  \mti 

V  (\,  :.i  !  V  lx,  :>»  5  . 


Separate  \l  Mli.M)  AM  I'i  1  ..  values  nr.  re.  jut  r.-d.  I  .  a  !w mg  (  I  A  I ;  ,y.  rag.t.g, 

MV  RAD  'M'l; 

detect  ion  processing  is  performed.  If  the  threshold  value,  \  lx.pl  )\  <x,  p)  i, 

NKMliADtn)  AMU 

is  less  than  anv  range  bit  voltage  magnilude,  V,,,,.,  ,  (x)  (Y  tx):.  false  ala:  n. 

)h  KIRk) 

is  counted  in  the  eorresponding  k  range  bin.  This  procedure  is  repeated  every 
11*  It-  1’  batches.  The  number  of  false  alarms  is  calculated  following  the  c,  nclusnn 
•  >f  !{■  lb  1*  batches.  If  the  number  of  false  alarms  is  larger  titan  the  number  of 
false  alarms  specified,  o'''  and  are  ineremented,  and  the  averaging 

continues  until  an  ,,  is  established  that  produces  the  desired  false  alarm  rate  (given 
the  constraint  of  data  base  size  limitation).  The  calculated  ,,  values  arc  used  !< 
determine  the  probability  of  detection  when  operating  on  the  moving  target  data 
base.  The  (T'AK  averaging  and  threshold  decisions  are  performed  utilizing  data 
that  contains  both  background  terrain  and  target  data.  After  calculation  for  a 
given  1’,.  ,  a  R  curve  is  calculated  utilizing  a  separate  data  base  containing  the 
•■nchanced  moving  target. 

n.2.4  V  I'M  HAD  (AMTI|  P,  DKTKI.’M/A’ATIt  >.V 

1  lie  iimp  ill'  I  i gli re  4  ti  indicates  tax iu  ay  Whisk. ■  v  utilized  in  Sect  iop  >;.  2 .  d , 

I  argot  Detection  Threshold  Voltage  Determination,  is  also  used  in  Section  a.  2.  4. 
Data  collected  for  determining  detection  probability  was  gathered  bv  using  two 
moving  vehicles.  In  addition  to  the  radar  van  traversing  taxiwny  Whiskey,  an 
elect  romngrief  ieally  enhanced  target  vehicle  travels  Raytheon  taxiway  in  the  direc¬ 
tion  shown.  Radar  moving  nlatform  velocity  v  .  equals  d2  mph  (14.  d  s)  as  m 

o  ’ 

Section  |>.  2.  d  testing;  however.  Section  '1.2. 4  differs  from  Section  'i.  2.  :i  in  that  an 


enhanced  l;ugt'!  with  h  travels  broadsid  to  'In-  ! : : .  radar  pi.it  to  "r:  i  at  v  .,i 

a  !.  '•  ::l|)ll  (1).  a  v.  s)  (si  i  Fi  gun '  •!  ”•  l'i  ■  r  V(di  II  it  \  direct-  Ra\t ! .  •  •.  -It  '  a  >.  1.'.  a  v 

Id1  di verging  angle  is  such  that  target  radial  velocity  (v^)  ts  appr  ...  1 
11.2 a  mph  (5.03  m  s)i  ; i . .  renter  frequency  >!  Doppler  filter  pa.->shand. 

Data  collection  begins  after  tin-  radar  van  passes  lasutat  Whiskey  trail;  nitter 
tower  if  the  moving  platform  velocity  (v  )  and  target  radial  velocity  (v  )  are 
achieved  before  passing  transmitter  tower  and  the  target  vehicle  possition  is  broad¬ 
side  to  eight -element  receive  array  mounted  on  moving  platform.  The  target  posi¬ 
tion  was  aligned  optically  w  ith  respect  to  the  moving  platform  eight -element 
receive  array. 

Typically,  v  was  achieved  before  reaching  the  transmitter  tower.  Shortlv 
thereafter,  the  moving  target  position  was  aligned  followed  by  stabilization  of  v  . 

If  v  was  realized  before  passing  the  transmitter  tower,  data  collection  was 
initiated  and  continued  until  moving  platform  approached  runway  23  of  Figure  4ti. 
Radio  communications  were  established  between  the  moving  radar  platform  and 
target  vehicle  to  insure  experimental  coordination.  An  optical  bore  sight  align¬ 
ment  technique  was  implemented  i  ,  he  target  vehicle  to  insure  proper  broadside 
target  positioning.  A  bore  sight  mounted  in  the  target  vehicle  was  used  for  broad¬ 
side  target  alignment  in  conjunction  with  a  narrow-beam  light  source  mounted  on 
the  moving  radar  platform.  An  observer  riding  adjacent  to  the  large  corner 
reflector  mounted  on  the  target  vehicle  monitored  broadside  target  Position. 

Verbal  feedback  from  passenger  position  monitor  to  target  vehicle  driver  was 
utilized  in  conjunction  with  radio  communications  to  the  moving  platform.  In  sum¬ 
mary,  verbal  and  optical  feedback  coupled  with  nighttime  testing  made  for  a  some¬ 
what  oscillatory  (overshoot /undershoot)  target  position  and  velocity  control.  These 
experimental  errors  were  due  to  accuracy  limitations  of  vehicle  speedometer 
readings,  coupled  with  optical  and  verbal  velocity  and  position  control.  However, 

velocity  variations  of  v  (v  deviations  related  to  fluctuations  in  v  ,  v  ,  and  hear- 
r  t  1  ( > 

ing  angle  it)  fall  within  the  3 -dll  Doppler  passband  characteristic  of  Figure  52.  The 
theoretical  MFMRAD  and  AIUT1  patterns  of  Figures  51  and  .50  indicate  NFiURAI) 
performance  is  more  sensitive  to  target  position  fluctuation  at  broadside  than  is 
A1UTI,  due  to  the  forward  ranter  of  the  N'FMRAI)  main  beam. 

Real-time  software  used  in  Section  ii.2.4  measurements  was  identical  to  soft¬ 
ware  used  in  Section  li.  2.  3;  however,  the  significant  difference  is  the  presence  of 
an  enhanced  moving  target  traversing  Raytheon  taxiway  broadside'  to  radar  moving 
platform. 

Data  accumulated  pass  to  pass  is  again  considered  to  be  related  batch  to  batch, 

record  to  record  (as  in  Section  5.2.3).  Approximately  25  passes  were  made  down 

taxiway  Whiskey,  collect  ing  data  in  Section  5.  2.  4  testing.  Analysis  of  moving  target 

data  base  toward  the  calculation  of  I’  ,  values  for  X  Fill  KAI)  and  AM  I  1  was  miph- 

d 

mented  described  in  the  following  discussion. 


1 1 1 


Section  li.  2.  4  (lata  collected  traversing  taxiway  Whiskey  was  compiled  by 
grouping  data  batches  as  a  function  of  taxiway  Wluskev  position  in  x,  as  shown  in 
Figure  4!‘.  For  purposes  of  this  data  analysis  discussion,  let 

F  =  data  collection  passes  2a 
H  =  data  batches  per  tape  recoct!  ill) 

K  =  records  accumulat  'd  per  data  collection  pass  10 
K  =  range  bins  involved  in  detection  processing 
SF  =  distance  scale  factor 

p  =  integer  data  collect  it'll  pass  index  where  1  -  p  «-  F 
b  =  integer  batch  index  where  1  h  «■  H 
r  =  tntegor  reo.n!  index  where  1  •  -  |{ 

x  3  normalized  W  hiskey  taxiwav  position  wiiere  <t  -  x"  *•  1 
x  =  Whiskey  taxi  way  posit  t  >n  relative  it.  t  ransmit  tower  a  In  -  i  e  0  \  •  si 

k  *  integer  .  ange  bin  index 
STATUI)  =  ilata  batch  status  wi.rtl 
XIMKAD  A  MTI 

V(fk)  (pra)  ,Vt<k)(,7i)*  =  N  I'M  1!  A I )  (AMT!  I  threshold  voltage  fun.  t : 

F, 


P,  =  probabilitv  f  false  alarm 
t  a 


XI  AlHAD(p) 
VHIUk)(x) 


AMTI(p) 
|V  (x)  } 

KH(k) 


Nl'MllAI)  (AM  I  I!  range  bin  v  ltat"  agn it udt 
where  1  «  k  <=  K  atvl  1  «•  p  *•  F  , 


NFMI1AI)  A. Mil 

I’r,  (x,  P  I  fP()  (x,  P  )|  —  \  I'M  KAO  (AM  Id  1  nr.  .b.-.bi  In  \  of  detect  i..n  ..s 

.'unction  it 'Whiskey  taxiwav  position  .mi!  pi.  b 
abil  it  \  .  >f  false  ala  t  in 


(  NFMI1AD  AM  T!  } 


(  FA  K  real  <  oe ffi t  i rnt  s 


X'FMRAD  A  MTI 

V  lx,  p)  |V(  (x,  p)  (  =  Cl'AK  batch  dependent  voltage  threshold 


'  hAN‘i 


I 


•t  A  I  "I-..  \  lie..  :■  I  IV.  I 


\\  i  ...  •• 


I 


■ »  > )  ■  ) 
i  ■•«>>«  !  i  ' 


•.viler*1  x  i.s  M  <r\.  i.  !  . :  j  1  :t  •  V  ii'1  :s)i 

fixes  in.  >v nit'  el  at  !•  •  i  r.  p. .si’ :  ■.  .  r ,.\  ...  ,v  Uln.- 
I  ransmillei  i.k  it.  Ip.  tin  :  a..i.|s 


x  x(l,  1) 


1 


I  ! 


or  at  x(l,  1),  1  '00  total  taxiway  pass  lias  been  completed.  At  b  H  and  r  It, 


x  x(b,  id  x(H,  H) 


(00)  (10) 
Torsin-ny 


i 


or  a  x(ll,  li)  total  taxiway  pass  has  been  completed.  For  any  Whiskey  position, 
x”(b,  r),  F  data  batches  are  used  to  calculate  P^(x).  The  p  batch  specified  at  x" 

NFM HAD 

contains  It!  NFMHAD  voltage  magnitudes,  ,  10  AMTI  voltage  magnitudes 

AMTI 

>  and  1  batch  status  word  STATU’ 1).  The  status  word  is  used  onlv  to  insun 
HH(k)’ 

data  integrity;  STATU' D  is  not  used  in  detection  processing.  If  STATU' D  indicates 
batch  data  is  invalid,  batch  data  is  not  processed.  If  the  p  data  batch  at  x(b,  r)  is 
valid,  detection  processing  performed  over  K  NKMH.U)  range  bins  and  K  AMTI 
range  bins.  Three  separate  detection  procedures  are  implemented  in  an  effort  to 
determine  Pj(x)  sensitivity  to  the  detection  procedure  utilized.  Target  threshold 
NFMHAD  AMTI 

voltages,  V(  (P^)  and  V  (PjM,  established  as  a  function  of  P(.,(  in  Section 

ii.2.3  testing,  arc  used  in  detection  processing  implemented  in  Section  * > .  2 . 4 . 

Three  separate  detection  methods  were  implemented  as  follows. 

MM  HAD  AMTI 

Method  1,  described  in  Section  H,  2.  T  yields  V(  ( P^.  1  and  V(  (P^).  Given 

probability  of  false  alarm,  P  ,.i(  one  NFMHAD  threshold  and  one  AMT  I  threshold 
Voltage  are  produced  following  method  1  detection  threshold  analysis. 


NFMHAD  AMTI 

Method  1  detection  processing  utilized  V(  (P.^)  ( V(  (P..t)|  to  ultimately 


calculate  P 


NFM HAD 
d 


j  j>A  M  T'I 


as  a  function  of  moving  platform  taxiwav  Whiskey 

NFMHAD  AMTI 


position  x(b,  r).  NFM  HAD  |  AT'MI  )  probahi  lily  of  detect  ion  P(  {  P  (  1 

for  a  specified  probability  of  false  alarm  P  at  taxiway  position  x(b,  r)  may  be 
written  as 


NFMHAD 

P  ,(x(b,  r)P,  ) 
d  ’  ta 


NFMHAD  AMTI  AMTI 

P  ,(x,  P(.  )  (P  .<x(b,  r),  P,.  )  P.lx,  P  )| 
d  la  1  d  ta  d  la 


Nl-'MHAI) 

A  typical  analysis  to  evaluate  P,(x,  P,.  )  at  x'  x(b',  i  ')  and  1*  P,  '  follows: 

d  ta  la  la 

Given; 

b1,  r1  (establishes  taxiwav  |x>sition  oil  Whiskey  as  x'l 
P^'  (establishes  probability  of  false  alarm) 

X(b’,  r1)  IS  equivalent  to  P  data  I  itches  eolleeted  a  X1. 


1  IT 


! 


Nl'MRAIXp)  \  I  'M  HAD 

IT  V,  (P|.  *)  for  any  k  such  that  1  <  k  -•  K  and  p  1,  tlu  n  a 

singh  target  hit  is  counted. 

\ I  'M  l{A  D(p)  N I  'M  HAD 

It  V.,Tw,  XxM  -  V  ')  for  all  k  such  tliat  1  ^  k  K  and  p  1  then  u,. 

It  J  > ( K 1  t  hi 

hit  is  counted. 

Pass  counter  p  is  incremented  and  the  detection  procedure  is  reoeated  tor 
p  2.  i,  •},...  P-1,  I’.  Following  detection  processing  conclusion  at  xtb1,  tin 
total  nm::!"  '  of  hits  over  P  nasnes  are  totaled.  A  tartlet  is  assumed  uresen’  at 
\ '  P  ■  1 1  a  s.  Pot t:  1  hit  •  .tint  is  divided  by  P  passes  to  obtain  n  d>;- i -•  i  p  \  : 

\1  MHAD  NI'MIiAD 

■  :•  -I  e  !  '  lx’  P  ,  '  1.  1  e  ;■  I  eu . .  ■  t .  P  ,( x ,  1  )  Do:  r  T;  "  ■  i  •  •  ur!:  v  J,  :  > 

!  I  h  ■  otis-  •  atid  x  is  . .  .  vet  the  otitire  \Vhtske%  : :j%  r  "  -  >.  •  si  . 

All  i  I 

"  i ib  :  is  r  i  -  u: ili.-.-i  '■■■■  ■  aicnlate  p  ,(x.  P  ). 

M  A  A.  i  ; 

Method  doscrthid  it;  Sect  ion  viehls  V,(l,tP  1  ;\'i(,^tP.  ):  ...  ia  :■ 

1-  k  *  k.  Civet!  !*.,  ,  k  threshold  voltage.-  a  r.  produced  b  r  NI'.M  RAP  |AM  I'l  ' . 

Nl'MKAI)  AM  PI  NIMHAIXot 

Met  h  .d  2  deter!  i,  'll  proeessinc  Utilizes  V  ..  ,(P.  1  (V  ,<P  .  1  !  anil  \  .  (x) 

t  (  k )  la  t  ( I  |a  I ;  1 1  ( k ) 

A  MTItpl  NFMKAP  AMT! 

•  VH !  1,1  e* 1  b ’ll ! at *■  Pd(k)(x,  Pr.  )  |l>d(k)(x,  PI.  )  }  a  here  1  -  k  -  K;  generally 

K  1-i.  In  summary,  Section  ti.  2.  2  method  2  analysis  yields  K  M'M HAD  thresh¬ 
olds  and  k  AM  PI  thresliolds.  The  results  from  method  2  analysis  yield  K 
M'MKAD  iAM  l'l}  l’d  curves  for  a  single  P  value;  generally,  one  |tair  of  l‘d 
curves  per  range  bin.  Method  2  processing  yields  K  l’d  curve  pairs,  or  one 
NKMUAD  AMT1  curve  pair  per  range  cell  for  specified  P  . 

Method  1  detection  processing  analysis  yields  one  composite  NT'MRAP  AM’I'I 

curve  pair  per  Pr  . 

fa 

M'MKAD 

Method  2  analysis  to  evaluate  Pd^k^(x,  p^)  for  range  cell  1  follows.  Determine 

M  'M  HAD 

NFM  RAD  probability  of  detect  ion  at  x  x',  P^  P^.  ( ' ,  k  1.  obtain  V)dj(Pf  M 
from  method  2  voltage  threshold  detection  analysis. 

N  TMIlAll(p)  Nl'MHAI) 

If  ■»  Vta)(P,|l)  where  p  1,  then  a  target  is  declared  for  range 

bin  1,  on  pass  1. 

Nl'MRAIXp)  Nl'MHAI) 

If  V|jjjjjj(x')  <  V.difPf,/)  where  p  1,  then  no  target  is  recorded  lor  pass 

1.  rang.'  bin  1,  at  x',  P,  '.  Pass  counter  p  is  incremented  and  the  detection  ero- 
I  a  1 

eedure  stated  above  is  repeated  for  p  2,  2,  4 . P-1,  P.  to  d  low  itlg  P  detection 

calculation  decisions,  the  total  number  of  range  bin  1  target  hits  at  x',  P  '  is 

f  :» 

summed.  If  target  was  known  to  he  p.  -sent  in  range  bin  1,  it  is  assumed  present 
for  P  taxiwav  passes.  The  total  number  of  target  hits  divided  b\  P  yields 


1  1 


NFMRAD 

Pd(1)(x\  P  ').  If  target  was  known  to  be  outside  range  cell  1,  all  target  hits  are 

counted  as  false  alarms,  and  a  P.  curve  is  calculated. 

•  la 

The  total  number  of  samples  taken  for  range  cell  1  equals  (15  R  B  P/Ki.  I.et 
total  samples  taken  for  k1^  range  cell  equal  sample^.  To  calculate  false  alarm 
probability,  total  false  alarm  count  is  divided  by  sample^.  The  procedure  out¬ 
lined  above  yields  P^  or  P^.  calculated  at  x'  only.  To  generate  entire  curve  over 
x,  x  must  vary  over  entire  taxiwav,  or  from  0  through  SF. 

Method  .1  described  in  Section  (>.2.4  yields  o  and  a  given  P,  . 

These  ,>  values  are  used  in  implementing  a  form  of  CFAR  averaging.  Typically, 
A.ITI  NFMRAD(p)  AMTI(p) 

o  '  {<>  1  is  multiplied  by  the  average  of  V  ^  B(k)(x)  <VRB(k)<xH 

where  1  c  k  «  K  over  P  passes.  The  resultant  product  is  treated  as  a  batch- 
dependent  threshold  voltage.  To  calculate  NFMRAD  batch-dependent  threshold 
M  MRAD(p) 

Vt„(b-  Pfa): 


NFMRAD(p)  NFMRAD 

V,  (b,  P  )  2 - rr - 

ti/  fa  k 


NFMRAD(p) 

VRB(k)(x) 


where  p  1,  2,  3,  . . .  P.  The  batch-dependent  threshold  was  treated  in  method  3 
detection  analysis  as  in  method  1.  A  single  composite  curve  pair  is  generated 
given  P(.  and  l(i  curve  pairs  are  generated  in  a  fashion  similar  to  method  2. 


7.  KM’KRIMKNT  \l,  RKSl  I  TS  \NI)  CONCl.t  SIGNS 


7.1  Two-Hat  \ntrntiii  Pal  Ipm* 


7.1.1  l  NIFORMIA  \\  I. Kill  i  l  l)  A  VI'FNNA  PATTI  1R N 

The  antenna  pattern  shown  m  Figure  aO  was  measured  as  described  in  Section 
'1.2.1.  Figure  aO  depicts  the  two-way  experimental  antenna  pattern  with  cross- 
hatches,  and  the  theoretical  pattern  with  a  solid  line.  Fxperimental  pattern  data 
was  collected  over  bearing  angles  ranging  from  44"  to  13U1’.  Fxperimental  error 
m  a/imuth  resolution  was  estimated  to  tie  less  than  2°.  The  experimental  pattern 
shown  is  averaged  over-  many  lens  of  data  batches,  or  each  crosshatch  represents 
an  average  of  several  data  records.  The  theoretical  nulls  at  tili"  and  112"  were 
contributed  by  the  transmit  pattern;  however,  the  forward  null  at  i>8°  and  the  aft 
null  at  112"  were  not  experimentally  verified,  as  seen  in  Figure  ">0. 


azimuth  ANGLE {DEGREES! 


Figure  50.  AM'ti  Two-Way  Azimuth  Pattern 
(Theoretical  and  Fxperimenlal) 

7.1.2  NFMHAD  ANTLNXA  PATTHHN 

The  antenna  pattern  shown  in  Figure  51  was  measured  as  described  in  Section 
(1.2.  1.  Figure  51,  like  Figure  50,  depicts  the  experimental  two-way  antenna  pat  - 
tern  with  crosshatches,  and  the  theoretical  pattern  with  a  solid  line. 

The  experimental  NFMHAD  pattern  shows  the  most  serious  problem  encoun¬ 
tered  thus  far  during  field  testing.  Results  indicate  the  experimental  NFMHAD 
{AMTI)  radar  is  unable  to  svnthesi/e  a  broad  antenna  pattern  null.  Theoretically, 
the  NFMHAD  null  should  extend  from  approximately  1 04 1  ’  to  Ilk";  however,  this 
broad  null  has  thus  far  not  been  obtained.  Narrow  -45  dll  nulls  have  been  meas¬ 
ured;  however,  they  generally  are  not  repeatable.  For  the  NFMHAD  processing 
scheme  to  realize  performance  improvement  over  AMTI  processing,  the  14" 
antenna  pattern  null  is  essential.  A  solution  to  this  problem  is  now  being  imple¬ 
mented. 

The  minicomputer  software  is  being  modified  to  include  an  adaptive  beam¬ 
forming  algorithm.  Beam-forming  coeffieionts  will  be  dynamically  updated  and  th< 
null  will  be  formed  adaptively. 


THEORETICAL 
♦  EXPERIMENTAL 


I- idlin'  ;»1.  WMUAP  T\vi'-W;iy  A/imuth  Pattern 
{ Thooret  ical  and  Kxpe.-iment  aM 


7.2  Doppler  Filter  ('liaraii  oris  lies 

The  Doppler  filter  eharaeterist  ic,  dliowii  m  I  igure  a2,  was  measured  as  de 
scribed  i ri  Section  ti.  2.  2.  Kxperimontal  filter  data  was  collected  ,  ver  a  range  o 
t  :i  i*  t*#  *1  ve  lor  it  ins  from  42  mph  (14.. S'  in  s)  converging  to  312  mph  (  i4.  S’  m  s)  diver 
inti.  Th»*  experimental  data  outside  the  bandstop  bandpass  region  of  the  filter 
cha  raeferist  ic  is  approximately  1>  dH  higher  than  the  the< .ret ica  1  ivspunsi'. 

7.4  Threshold  Voltage  Ih*  term  unit  ion 

Data  described  in  Section  •*.  2.  '3  was  obtained  for  determining  appropriate 
target  thresholds  as  a  function  of  false  alarm  rate;  however,  our  inability  to 
realize  a  broad  repeatable  antenna  null  insured  tin'  collected  data  was  inadequate 
to  prove  the  Nl'MKAI)  concept. 

7.1  Kru'ivcr  I/O  (lliaraeleristie 

I'  i Lrlire  ;>.»  s h» i ws  a  typical  receive;-  1  (i  charaet e r ist  ic.  I \  1  •  piiw  i'r  varying 
from  -!‘b  flllm  to  -2b  dHm  was  fed  to  each  of  the  eight  rereiver  channels.  the 
receiver  output  voltage  was  measured,  using  the  MAD  and  (  SPf  processors,  (h 
typical  eha  iaet  erist  ic  exhibits  a  linear  receiver  dynamic  range  of  approximately 
'•4  dP.  The  receiver  f heorot  ica  1  dynamic  range  (assuming  no  noise>  is  PU  dP.  A 
set‘»i  in  Section  7.  noise  due  to  the  HI  front  end  may  consume  up  to  .i  bits  or 
dt  dH  of  dynamic  range.  (tenerallv,  24  dH  of  receiver  dynamic  range  is  eonsum 
1  \  the  mean  noise  voltage. 


7.5  Receiver  Noise  Histogram 

Figure  54  is  a  typical  histogram  of  receiver  channel  noise.  The  noise  ampli¬ 
tude  was  calculated  for  1000  complex  independent  voltage  samples.  One  may 
approximate  the  number  of  bits  consumed  by  receiver  noise  using  Figure  54.  For 
worst-ease  analysis,  assume  the  noise  voltage  is  equal  the  Q  voltage  component, 
and  the  I  voltage  component  is  zero.  The  mean  noise  voltage  over  all  eight  channel.- 
was  calculated  to  be  80  mV.  A1X'  input  sensitivity  of  10  mV 'change  of. ADC  output 
state;  therefore,  eight  change's  of  state  occur  at  the  output  of  the  AIK-.  Thus,  the 
mean  noise  voltage  consumes  4  hits  of  the  A IX'  dynamic  range  (worsl  case).  From 
Figure  54,  a  noise  magnitude  of  200  mV  occurred  10  times  out  of  1000  samnles  ,.r 
1  percent  of  the  total  number  of  samples.  Worst-case  analysis  of  this  ease  yields 
20  changes  of  ADC  output  state  or  5  AIX'  hits  may  be  consumed  bv  receiver  noise 
(7  mantissa  hits  total  given  a  constant  base  2  exponent). 


NUMBER  OF 
NOISE 
SAMP!  FS 


N'Vsi  MAoNC  uPf  i  VO-  v 


Figure  .>4.  Receiver  Xoisc  llistogra 


A  noise  histogram,  generated  using  integer  I  and  Q  voltage  cocmoncni  s.  .'.ill 
contain  voids  around  1.5  and  4.  •>  \  10  “  Y.  Phis  apparent  :  roblei"  conn  :  ns  ti  c 
histogram  generation  algorithm  anti  the  quant  t  cd  voltage  data,  n..t  the  statis'n  :d 
nature  of  the  noise  data.  For  an  explanation  let  n  he  the  noise  voltage  magnitude 
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Appendix  A 

Complex  Recursive  Infinite  Impulse  Response 
(MR)  Digital  Filters 


Al.  Hl.TK.R  SPECIFICATIONS  AM)  NORMAI.IZKI)  RKAI. 

LOW -PASS  Hl.TK.R  DKSIGN 

It  id  desired  to  design  digital  filters  that  have  a  single  passband  or  a  single 
stopband  in  the  frequency  interval  -fl  f  «?  {)?  n  I'  where  f  is  the  pulse  repetition 
frequency,  Fxcept  for  the  special  cases  where  the  passbands  or  the  stopbands  arc 
centered  at  tic,  it  will  be  necessary  to  use  filters  whose  transfer  functions  are 
complex. 

For  any  particular  design,  the  following  specifications  are  needed: 

(1)  Passband  (or  stopband)  extend  «  t,-  «  u\, 

(2)  (  pper  bound  on  ripple  in  the  passband 

<H>  Filter  discrimination  (ratio  of  maximum  signal  power  passed  i,  maximum 
signal  power  in  the  reject  region) 

(4)  Rolloff  or  rate  of  transition  from  the  pass  regions  to  the  meet.  regions  I 
the  filter 

(’))  Filter  response  time 

GO  Sampling  period  (T  1,T  ). 

P 

Two  methods  were  used  to  develop  desired  UR  digital  bandpass  and  bandstop 
fillers.  The  first,  method  proceeds  as  fo' 
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1  ,ct  0  <.  u  -  u>  ^  u.-.,  bo  the  desired  passband  (or  stopband).  I  sing  tin*  design 
1  -  \  1 

procedures  dosoribod  by  Gold  and  Wader,  frequencies  and 

aro  defined  kiy  the  relations 


Bast  d  mi  tlio  specifications  of  ripple  in  d)o  passband,  disc  rm.inn'ion,  and  roll¬ 
off  rate,  the  nomographs  dosoribod  in  Christian  and  Fistm-aann''-  d*  ::io  suit¬ 

able  filter  typos  (that  is,  Wutterworth,  Chobyohoff,  a  l  aver),  and  for  oar  I:  tvpo 
tlio  associated  voltage  transfer  loss  function,  IKS),  S  L  •  if?  that  w  ill  moot  the 
specifications  in  a  normalized  lowpass  filter.  A  plot  of  a  typical  power  transfer 
loss  function  A(jn)  10  log^1  IK.in) ■”  for  a  normalized  lowpass  filter  is  shown 
in  Figure  Al.  The  quantity  A(ii  is  the  maximum  attenuation  in  the  passband  and 
is  a  measure  of  the  t-ipple  in  the  passband.  A  -n  is  the  minimum  attenuation  in 
the  reject  region,  and  hence  the  difference  A  -  A  is  a  measure  of  the  filter 
discrimination.  The  frequency  fi  is  related  to  the  rolloff  rate  and,  in  particular, 
the  quantity  (Q  -  1  > / 2  is  the  ratio  of  the  widtli  of  the  transition  region  at  one  edge 
of  the  passband  to  the  full  width  (-1  «  12  ■s  1)  of  the  passband.  The  tables  in 

A  9 

Christian  and  Kisenniann  “  specify  the  voltage  transfer  loss  function  A(S)  by  tab¬ 
ulating  the  zeros  fj  fl  ...  ...  and  poles  Q  f*  ...  of  H(s)  (see  Figure  Al). 

Ill  i'Z  r  1  j-J. 

The  voltage  transfer-  function  F(S)  for  the  normalized  lowpass  filter  is  given  by 
F(S)  -  1  HIS)  . 

Filters  with  a  single  passband  or  a  single  stopband  can  be  generated  from  the 
same  normalized  lowpass  filter  by  means  of  well  known  t. ransformations  described 
in  the  next  section. 

Al.  Gold,  H.  ,  and  Wader  (lOlitl)  Digital  Processing  of  Signals,  McGraw  Hill, 

New  York.  " 

A2.  Christian  and  Kisenmann  (l!)t!ti)  F  ilter  Design  Tables  and  Graphs.  John  Wiley 
and  Sons,  \e\v  York. 


a(ihi 

* 


and 


-A2 


‘A  1 


and  will  be  denoted  bv  B  and  -B  respectively. 

In  carrying  out  the  present  design  procedural  it  will  be  necessary  eventually 


to  identify  the  roots  and  poles  of  Fj  (S').  The  voltage  transfer  function  !  (SI  for 


the  normalized  low  pass  filter  is  ordinarily  prescribed  bv  means  of  its  roots  and 

poles,  and  it  is  advisable  to  transform  this  function  factor  h\  factor  in  order  to  hi 

able  to  determine  the  roots  and  miles  of  T,  (S').  Thus  each  factor  S  -  S  trans¬ 
bp 

forms  into  a  rational  fraction  as  follows: 


■S  -  S 


(S' 


r  )(S'  -  r  ) 


S' 


where 


t  (uA  2  '  “A  1  >So  A  /  !  (~A  2  '  ‘A  1  'So  ! 

2  1  4  "A  1  “Ai 


and 


t 


p  0  . 


Since  (S')  is  real  on  the  real  axis,  its  roots  and  poles  will  occur  in  conju¬ 
gate  pairs,  and  the  behavior  of  the  filter  in  the  region  u.'  *  n  that  contains  the  pass- 
band  B  will  bo  due  primarily  to  those  roots  and  poles  that  lie  in  the  upper  half-plane. 
Conversely,  the  behavior  of  the  filter  in  the  region  ic'  <  0  that  contains  the  passhnnd 

-B  will  be  due  primarily  to  the  roots  and  poles  of  F,  (S')  that  lie  in  the  lower  half¬ 
bp 

plane. 

Discarding  the  roots  and  poles  of  Fj^(S')  that  lie  in  the  lower  half-plane  creates 
a  complex  voltage  transfer  function  that  represents  a  filter  with  only  the  single 
passband  B.  Conversely,  discarding  the  roots  and  poles  in  the  upper  half-plane 
results  in  a  complex  voltage  transfer  function  that  represents  a  filter  with  only  the 
single  passband  -B. 

This  method  can  be  used  to  generate  a  single  passband  filter,  provided  that  the 
passband  does  not  overlap  u'  0.  If  ia'  0  is  overlapped  and  B * -n  a 

single  real  lowpass  filter  will  be  sufficient.  The  case  where  u.'  0  is  overlapped 

and  *  "UA  1  w'^  be  discussed  later. 
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The  single  passband  filter  can  be  normalized  in  different  ways,  resulting  in 
several  different  forms  (set*  Figure  A2).  Tilt*  form  shown  in  Figure  2(b)  has  be« 
normalized  to  the  average  value  in  the  passband. 


WAt'  WA;  0  “  WAI  '  ^A 2 


(a)  REAL  LOWF&SS  filter 


lb)  COMPLEX  SlNGl  F 
StOPBAN[:  FliTLR 


(r)  ASYMMETRICAL 

SlNGl  E  BAND  L  OWW\SS 
F II  TER 


Figure  A  2.  Power  Transfer  Functions  of  Filters  I  scd  to  Henlizc  an 
Asymmetrical  Single-Band  l.owpass  f  ilter.  Filter  (a)  cascaded  with 
filter  (b)  product's  filter  (c > 


\:F  TRANSKKR  R  ACTIONS  FOR  SINGLK  STOIM1AINI) 
COWI.KX  FlbTKRS 


The  I  ran.iformat  ion 


•?s(u'A2  '  UA  1)S' 
•ACA'  '  <S,)“ 


converts  the  norm.ili/erl  h r.v pass  lilti  r  with  volin^e  t  r;i  tsfer  ruin  tint,  )  (S)  into  :i 


and  symmet  deal  stopbands  H  and  -I!. 

As  with  'ho  bandpass  filters,  it  is  desired  to  identifv  tin-  .,.ts  and  p.  i.  ..  .if 
K.  (S'),  and  to  tins  end  it  is  advisable  to  t  fansliina  the  voltage  t  inns!'.  •  'Vm 'mu 
l'(S)  fa  ft  o  f  by  factor  in  urdiT  to  dotoi'mino  tho  roots  and  polos  of  1  ^  (s'),  Tl.tis 

each  factor  S  -  S  transforms  into  a  rational  frartion  as  follows: 


The  /rros  and  poles  of  l'j  ^(S')  will  as  before  oeeur  tn  conjugate  pairs,  and  the 
behavior  of  this  filter  in  the  regions  ->  <)  which  eontams  the  stopband  H  is  due 
principally  to  the  roots  and  poles  that  lie  in  the  upper  half-plane.  Also,  the  be¬ 
havior  of  the  filter  ill  the  region  u>'  *  0  which  contains  the  stopband  -II  is  due  prim 
ipally  to  the  roots  and  poles  that  lie  in  the  lower  half-plane. 

Discarding  the  lower  half-plane  roots  and  poles  in  |-'  (S')  creates  a  «.unple\ 

voltage  transfer  function  with  only  the  one  stopband  H.  (  otiversrlv,  discarding  th 
roots  and  poles  of  1-’|  (S')  that  lie  m  the  upper  half-plane  creates  a  complex  voltai 

transfer  function  with  only  the  one  stopband  -H. 

I'll i s  procedure  can  be  applied  as  long  as  tile  desired  stopband  does  not  tnclud 
v’  0.  If  the  desired  stopband  contains  0  and  the  interval  is  svmmotrl-  with 

respec  t  to  eg1  0,  then  a  real  low-stop  filler  will  be  the  solution.  Che  design  ,,f 
filters  for  asymmetrical  intervals  including  u-’  0  is  discussed  below 


U  TRVNSFFR  M  NOTIONS  FOR  SI*F(  I \l  (  \SFS 


>0.  ^  «  n  ,|l'n-!v,  ’  U-  - \i  '  “• 

'lie  ’  T  |t  *  ■  l*\*.  *  1  l  liY  j  ‘  .  'y,  1  S  1  lit  .1  iM'i  -  •‘M’Pp.S  .. 

1  ! till t'* *  AlM*')t.  I  h*‘  1  ranslVi  'llin’i-.n  !'•>:  '••'::i*b\  1  ■  i n  it ».»  'M'.a 

r  iji  I  n  :  .tt «  1 1  hv  1 ult  !pl  vi  n-j  t  i •  •  -  \  •  in  -  A  r  ?U! a  M  M  ’  r  >  r  •  1 

pas. -band  1  -  ..  1  •  „'v>  b\  »!.•  t  »  , :  i *  *  *  M :  n  ■  i  i  •  ■  n  .  ■  ’l*  \  hi'. 

a  it  l:  i»l-  .  r i •  i  ^  .  -  .  '  *  .  \  ,  <  '•  •  1  :  i.’  Ad).  1  i  •  »  :  .m.  1  *i.v.  •  . 

t»|.\  i  »';!*.  ■  id:  ^ » .  i » 1  . . r :  j  !  I  i.m :  .  A  .«•  M  1  <  •  ' 

1 !  l <’  *  ! : «  »  :  .1  n- 1  •  •  •  '  1 1 :  i ■  *  » t  . :  I  •  . !  t  •  -.  !  I  ■  a  ’  a  .  *  i  1 1 .  ;  *.  i  ’ :  -t  ;  -t  « r *,  :  \  * 
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i  1  •  »  d 


I  c  A  1.  I’r  Ari  inmsf.T  I  un<  .  ■!*  }  iH*  r>  I  ! 

!«>  lOvtli/*-  an  Asvmmi-t  rirnl  Sinj.* b - Band  I  ..  -» t •  • : »  I  il’< 

1  itt«  r  (a)  r:isr;tf|r'l  Alt!  Hltm  (b)  pn-du.  •  fib*  >  A  ) 


If  U.,  »  0,  Uj  «  0,  •  *  II  fi  L. 

interval  I  irivt»n  bv 


l  r 


t  h--n 


•  d 


Al  “■  “A: 

similar  to  those  drsmbrd  ab»»v« 


A  “  A  1 

a  s\Pir:*-1  nml  .m. | 


0 


1 1 1  <  1 


A 


A  ! 


iH  am-  v.  1  n. 
an  1>I  U.-fd  I  .  .  p  f.  .till*  ••  1  I  .  !  MS  ft  ■  |  •■«!!»  ’  ’ 
complex  bandpass  or  bandstop  f'iltm-  -a  i»h  I  * -  tin-  pa* -band  <-r  -t ■  pb  m- 


v».  imaru.  kii.tkk  rkai  i/mion 


\\  bother  bandpass  or  batulstop,  radi  of  tin1  voltage  transfer  functions  of 
single-band  I'iltors  created  by  tin-  methods  described  above  is  of  the  form  of 
ratio  of  polynomials  in  S',  the  coefficients  in  general,  being  complex.  The  l 
crating  function  G(/.)  for  producing  the  digital  realisation  of  a  given  voltage  t 
for  function  b(S’)  is  obtained  by  means  of  the  transformation 


S' 


Z  -  1 

Z  *  1 


IT, IS  t  ransformat  ion  maps  the 
'lie  unit  ei  re  le  in  the  /.  plane. 
S'  i,.'  into  the  point  s  /,  o' 


imaginary  axis 
In  pa  rt  icular 

r 

*  and  Z  e 


in  the  S'  plane  onto  the  boiindai 

it  maps  I  lie  points  S'  t  s  ami 
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Appendix  C 


Control  Panel  Operational  Range  Equations 
Range  Cell  Width  =  131.15  ft  (40  m) 
Range  Coverage  ~  2100  ft  (640  m) 


Figure  Cl  depicts  the  three  operational  range  modes  of  the  radar:  XEGATI VK, 
SHORT,  and  I.ONG.  The  position  of  switches  K  and  F  select  one  of  the  radar  range 
modes  as  defined  in  Table  Cl. 


Table  Cl.  lladar  Operating  Kange  Modi 


i: 

i 

I.O\G 

0 

0 

Si  U  )I!T 

Cl 

I 

MGATlYii 

l 

1 

equations  (Cl),  (Cii),  and  (G5)  express  the  radar  search  range  as  a  function  of 
ranee  bin  (KB)  and  control  panel  configuration  (DCHA.,,,  1)7,  ete.  ).  Tin-  radar 
operational  range  mode  is  determined  by  tiu-  position  of  control  panel  sum-lies  1. 
and  !•'. 


Cl.  I.(>\<;  |)KI.\>  K  \N(,K  Kyi  VriON 

liquation  (Cl)  expresses  radar  search  range  (y)  as  a  function  of  DO,  1)1.  ...  1)7 
control  panel  switch  position,  and  the  range  bin  (KB)  of  interest  when  in  the  l.oNG 
delay  rang*'  mode.  DSPt  is  the  control  panel  switch  (D7,  l)(i,  IB,  ...  DO)  set  rim  ¬ 
ing  radar  operation.  To  calculate  y  when  in  the  l.oNG  delay  range  inode:  l.et 
D7  7,  Dli  fv,  Da  a  ...  DO  0,  and  KB  is  an  integer  representing  the  range  bin 
of  interest  such  that  1  *  KB  *"  Hi. 


l.ONG  Delay  Kange  liquation 


y  lia.  a7t>:i(l')(D7-D  t)  +  10  I-  2  KB)  ft  -  517.  25  ft 


The  time  delay  (.50  between  the  transmitter  MAIN’  BA \D  and  the  radar  lii-bit 
SAM  PI.  K  command  is  given  by  1-iq.  (C2). 

l.oNG  Delay  Time  liquation 


^  TTWT7  (1:,(°7-nset)+  10  f  2  i;li> 


02.  SIIOKT  DM.U  K  ANGK  Kyi  \TIO\ 


equation  (C  5  >  exprr'sses  radar  search  range  (y)  as  a  function  of  A,  it.  c  | ) 
control  panel  switch  positions  and  tin-  range  bin  (KB)  of  int.-rest  when  in  t!„-  Slicin' 
rleiay  range  mode.  Control  switches  A,  B,  C  ,  1)  a  re  hinarv  weighted  w  hen  calcu¬ 
lating  y  as  shown  in  Table  C2. 


142 


SHORT  Delay  Range  Equation 

y  -  131.  1525(1(5.  375  +  RB  -  DCBA10)  ft  -  517.  25  ft  <C3) 

At  may  be  calculated  as  expressed  in  Eq.  (C4). 

SHORT  Delay  Time  Equation 

At  <1,;-  375  +  RB  '  DC  B.A10)  (04) 


0.3.  NEGATIVE  DELAY  RANGE  EQIATION 

Equation  (05)  expresses  the  radar  search  range  (7)  as  a  function  of  A,  B.  0, 

D  and  RB  when  in  the  NEGATIVE  delay  range  mode.  A  negative  result  from 
Eqs.  (05)  and  (Oti)  indicates  the  l(i-bit  SAMPLE  command  of  interest  occurs  before 
the  transmitter  MAIN'  BANG.  A  positive  result  indicates  tile  SAMPLE  command 
occurs  after  the  MAIN  BANG. 

NEGATIVE  Delay  Range  Equation 

7  131.  1525  (1/2  1  RB  -  DCBA1())  ft  -  517.25  ft  (05) 

NEGAT  IVE  Delay  Time  Equation 


4 

15  Mil/ 


(1/2  +  Rli  -  DOBA10) 


(Oti) 


Appendix  D 


ADC  Alignment  Procedures 


The  purpose-  of  this  proredui  e  is  to  ensure  that  the  AIK  assembly  is  calibrated 
and  will  not  introduce  additional  errors  into  the  receiver  -  processor  system.  All 
comments  and  adjust!  -ents  will  he  made  with  reference  to  the  1  side  of  the  assembly; 
however,  they  apply  ei  jally  to  the  Q  side. 

Recommended  Kqui pnn-nt 

Dual  trace  oscilloscope 

Signal  generator 

0-5  V  tie  variable  power  supply 

l.KI)  display  box  (or  eight -channel  lotiic  anuly/cr) 

BNC  to  SMA  adapters  as  required 
Digital  multimeter  (DMM) 

Two  18-wire  ribbon  connectors  (l\ll  I’At  .'t.>.:>2040-01  or  equivalent). 


in  8  bit  mm:  alicnmknt 

1)1.1  Initial  Setup 

Connect  an  18-wire  cable  from  the  4-hit  ADC  pewer  dist  i  abut  ion  k  t.  the 
8-bit  ADC  assembly  Under  test.  Th  ■  <  abb-  must  tie  <  ouuectei!  t . .  tin-  8-lut  AIK 
board  row  C,  pins  lt'-.'bi.  Knsiice  the  black  white  pair  of  wires  it  lie  A I K  l>.  onl 
(pins  iP-20)  is  conneetetl  to  tie-  4-bit  power  distribution  block  lime  1-j  a  T--J1). 
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IrtECSDIMG  PACE  BUNK -MOT  TlWlD 


Reversing  the  supply  sequent-  c  an  rause  serious  damage  to  the  ADC  (refer  to 
Figure  Dl). 


p'  n  \  '  j  •  •  ,p; i, 
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Figure  Dl.  ii-Hit  .DC  Alignment  Configuration 


Conneet  a  coax  cable  to  the  h-bit  SAM  PI. K  eommand  input  pori  from  the 
receiver  digital  hardware  backplane  (refer  to  Figure  [Yd), 

Connect  the  dual  trace  scope  as  follows: 

1.  Trace  "A"  to  the  analog  input 

2.  Tram*  "IV  to  the  input  of  t lie  ADC  (pins  17  and  in) 

(Refer  to  Figure  l)il(a)  for  pin  locutions.) 

Connect  the  signal  generator  to  the  analog  input  pi-rt  « .  T  Mu-  AIK  under  test. 
Turn  r  ack  pr»w  er  < in. 


8- Bit  aoc 


6  BIT  AOC 


(;i)  Pm  I  .'•<  utiniis  (Top  Vi«»v\) 
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v  r  ^  4pj 
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- 
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.  HR1  Mr 

-  s>-  11  s> 

3  Eft  ■* 

/  OFF  SLT  ADJ  /GAIN 


ELSE  T  ADJ 


inphasf;  Hi  quadrature  cq) 

(b)  Calibration  Adjustments  (Side  View) 

Figure  Hit.  8-Hit  ADC  Assembly 


1)1.3  ADC  .'WrintiK  Offset  Adjust niciil  (Rrlfr  to  Kpirr  D.T(I>)> 

The  purpose  of  this  adjustment  is  to  ensure  the  analog  input  has  a  0  V  tie  offset 
(with  respect  to  ground)  as  measured  with  an  oscilloscope.  Anv  dc  offset  to  the 
analog  signal  will  cause  the  ADC  output  to  shift  a  proportional  amount  and  invalidat< 
anv  gathered  data. 

Monitor  scope  trace  A  and  adjust  the  analog  input  (signal  generator)  for  (t  V  dr 
offset . 

Remove  the  trace  U  probe  from  the  AIK  (pins  17  and  l!i)  and  connect  it  to  the 
sample  and  hold  unit  input  (pins  10  and  11).  (Refer  to  Figure  |):t(a)  for  pin  lora- 
t  ions.  ) 

Monitor  the  scope  (trace  H),  and  adjust  tile  I  il  T'Sl:f  pot  of  the  wide -band 
amplifier  for  0  V  dc  offset 
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After  the  proper  attenuation  level  has  been  set,  monitor  the  scope  and  adjust 
the  4-bit  ADC  do  bias  pot  (refer  to  Figure  DU)  until  the  (i-dB  IK  attenuator  line  just 
begins  to  switch  in.  Unsure  the  manual  attenuation  control  on  the  radar  control 
panel  is  in  the  OFF  position  (refer  to  Figures  Cl  and  Fl(a)  for  location. 

Note:  By  monitoring  the  (i-  and  12-dB  IF  attenuator  lines,  you  ensure  that 
(i  dB  is  being  calibrated. 

1)4.  DYNAMIC  SYSTEM  CHECK  (Refer  to  Figure  D8) 

The  dynamic  test  for  each  of  the  I  and  Q  sides  is  the  same  for  all  eight  chan¬ 
nels.  Channel  IQ  will  be  described  because  of  its  accessibility. 


transmitter 

LOW  POWER  OUTPUT 


Figure  D8.  ADC  Dynamic  Test  Configuration 


Configure  the  transmitter  for  TKST,  as  outlined  in  Section  1)1.2. 

Remove  the  HF  input  cable  from  the  channel  1  It  1-  input  port,  and  connect  this 
cable  end  to  an  eight-way  power  divider  (MKHKIMAC  l’DM-82). 

t  sing  eight  coax  cables  (H li— in.  long),  connect  each  of  the  output  ports  of  the 
power  divider  to  the  input  ports  on  the  Itl-  front  end. 

In  order  to  determine  the  saturation  point  for  each  of  the  ADC  unit,  it  may  be 
necessary  to  measure  the  total  insertion  loss  of  the  eight -way  power  divider  from 
the  input  cable  to  each  of  the  eight  output  cables.  This  may  be  accomplished  using 
a  network  analyzer.  (Note:  Although  use  of  the  eight-wav  power  divider  is  net 
n laudatory,  it  does  shorten  the  time  required  to  perform  cheeks  on  all  lit  ADC's. 


If  not  used,  the  RF  input  cable  must  be  moved  from  channel  to  channel  as  the  test 
progresses.  ) 

1.  On  the  radar  control  panel,  set  the  II-'  attenuator  switches  to  0  dll  of 
manual  IF  attenuation. 

2.  Connect  an  oscilloscope  to  the  sample  and  hold  input  pins  (10  and  11)  of  the 
ADC'  under  test.  (Refer  to  Figure  D3(a)  for  pin  locations.) 

:i.  Set  the  0-50  dll  attenuator  to  50  dB  of  attenuation.  Set  the  transmitter 
front  panel  attenuator  to  20  dB  of  attenuation. 

4.  Turn  rack  power  on  (both  transmitter  and  receiver  racks).  Allow  10  min 
for  warmup.  Turn  the  transmitter  "offset  oscillator"  on. 

5.  Monitoring  the  scope,  adjust  the  0-3 (i0°  phase  shifter  for  the  largest  possi¬ 
ble  signal  level  (with  respect  to  ground). 

I).  Set  the  transmitter  front  panel  attenuator  to  50  dB.  On  the  radar  control 
panel,  set  the  auto/manual  IF  attenuator  switch  to  Al  To. 

7.  Monitoring  the  oscilloscope,  begin  decreasing  the  amount  of  attenuation  via 
the  front  panel  attenuator.  At  the  point  where  the  (i  dB  IF  attenuator  begins  to 

sw  itch  in,  measure  the  signal  level  (l  eading  should  be  less  than  1.25  V  peak). 

8.  Continue  decreasing  the  attenuation  on  the  front  panel  attenuator.  As  each 
succeeding  II-'  attenuato.r  begins  switching  in,  note  the  signal  level. 

( Note:  The  full  range  of  42  dB  of  11-'  attenuation  may  be  achieved  in  the  follow¬ 
ing  manner: 

After  the  front  panel  attenuator  has  been  adjusted  through  its  full  range  (to 
0  dB),  set  the  front  panel  attenuator  to  50  dB  and  the  0-50  dB  attenuator  to  0  dB  o.' 
attenuation.  This  will  give  the  system  another  50  dB  of  signal  range.  ). 

0.  Repeat  steps  1.  through  7.  for  the  remaining  15  A/D  sides. 

At  no  point  should  the  signal  level  measured  in  the  automatic  mode  of  IF  att  n- 
uation  exceed  1.25  V  peak.  If  the  signal  level  does  exceed  this  amount,  the  ADC's 
may  saturate. 

10.  If  the  signal  level  for  any  one  of  the  Hi  ADC's  exceeds  1.25  V  peak,  repeat 
the  4-bit  ADC  bias  adjustment  procedure  outlined  in  Section  D3. 


Appendix  E 

System  Component  Identification 

The  purpose  of  Appendix  li  is  to  identify  the  equipment  located  in  each  .  .f  tin- 
four  equipment  racks  that  make  up  the  \FMKAD  (AMT1)  systems.  As  ea<  h  level 
is  identified  within  an  equipment  rack,  reference  w  ill  be  made  to  the  chapter  i’;.- 
in  this  report  and/or  other  documentation  for  functional  descriptions. 
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I A  liver  Supplies 
level  , 

I  'ravel  jilt;  Wave  Julie  A m ,1)1 1  fier 

<  r\\  TA) 


level  <1 


none 


lief.  :i.:’.:i 


Kef.  1.2.  2 
Kef.  2.  2 


1 ; .  r.  1.  1 

Kef.  1.  1 
Kef.  .1.1.  :i 
Kef.  1  .  I  .  -1 


!!.  ill' 


Kef.  1.1.4,  :il.-  ■  lust  ruett.  ,n  and 
Matntetianee  M.,mtal  fi.r  Inst  i  lilt  cni  a  - 
lion  1  tavelmp  Wave  lulu  A'uplifier 
kb  le|  \< . .  127  711(1.'*  I  U  !  .  Iluytie- 

A  ire  raft  ('••.,  Lb  ■  t  ■  ■■  at  Dvnat;.  ies 
I  )t  visit  at.  1 1  0(t  W  .  I  am  it  a  Iflvd,  , 

I  ■  .■■rune.  ,  (  A  ''O  .ii!. 


F  t.  (  SI*  :$()  MIMCOMH  I  KK  (Refer  l«.  Figure  I  2(  0) 


level  1 

Tri-Data  (  atritile  Knit  Kef.  ( 'art  rifile  20  Instruction  Manual. 

I'ri-Dula,  1100  Mauue  Ave.  ,  Mountain 
Vieu,  c.A  P4040 


1  nit 


love  I  2 

Control  panel 

level  3 

l  pper  Mainframe  Cooling  Fans 
level  4 

Mainframe  Card  Nest 
level  a 

Cower  Mainframe  Cooling  Fans 
level  li 

Power  Supplies 


lief.  CSl’l  Operation  and  Maintenance 
Manual,  Doe.  No.  J  l>:i000-000-04. 
CSPI,  40  l.innel  t'r,  ,  Itilleriva,  MA 
011121 


lief,  none 


lief,  see  level  2  above 


lief,  none 


lief,  see  levt'l  2  above 


KA.  MAI’  ARRAY  PROCKSSOR  (Keter  to  Figure  K2(l»)> 


level  1 

Display  Scope  lief.  Tektronix  Operation  and  Maine  - 

nance  Manual,  Type  till  Mod.  1U2C  . 

Tektronix  Type  (ill  Tektronix,  In.-.,  P.n.  Hox  :>00, 

lleaverton,  <  )li  (>700  i 

level  2 

Hard  Copy  I'nit  lief.  Tektronix  Operation  and  Main- 

Tektronix  Mod.  4(101  tenanee  Manual  Mod.  4tl01. 

level  3 

MAP  Monitor  Panel  lief.  Installation  and  opera' ion  Hooklei 

No.  AST  1 20-000-0 1 . 

level  4 

expansion  Power  Supply  lief,  opernt  ion 'Maintenance  Manual 

AT  11000-004  -PH  1.4  . 

level  f> 

MAP-200  Arithinotie  Processor  MAP  Programmer's  Kcferenrc  Manual 


1M 


'  * 

&  5 

§  MISSION  5 

$  o/  5 

^  Rome  Air  Development  Center  ^ 

*\  RAW  p£aui  and  executes  research,  development,  test  and  \ 

**  selected  acquisition  programs  in  support  of  Command,  Control  ^ 
&  Communications  and  Intelligence  (C3 I)  activities.  Technical  » 
**  awe/  engineering  support  uithin  areas  o f  technical  competence  C 
&  is  provided  to  ESP  Program  Offices  ( POs )  and  other  ESV  > 

Q  elements.  The  principal  technical  mission  areas  are  £ 

?  communications,  electromagnetic  guidance  and  control,  Sur-  <• 

^  veillance  of,  ground  and  aerospace  obiects,  intelligence  data  \ 
^  collection  and  handling,  information  system  technology,  > 

&  ionospheric  propagation,  solid  state  sciences,  micromve 
%  physics  and  electronic  reliability,  maintainability  and 
*>  compatibility . 
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